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REPORT ON EVALUATION 
OF ELPO OVEN EMISSIONS FROM GENERAL 
MOTORS 1 OSHAWA TRUCK PLANT 



Introduction : 

As a portion of the odour survey , the Source Assessment 
Unit performed emission measurements on the ELPO Oven Exhaust Stacks at 
tbeGM's Oshawa Truck Plant on two occasions. The first set of 
measurements were performed in November, 1977, when GM was operating 
an Anionic ELPO System (old process). The second set of measurements 
were performed in July, 197.9, when GM changed the anionic system to 
a Cationic ELPO System (new process). 

Objectives : 

The objectives of the survey were to gather information 
on odour emissions from the primer bake oven and to quantify the 
emissions of the probable odour causing organics, such as hydro- 
carbons, aldehydes, organic acids and particulates. The survey was 
also designed to investigate possible correlations between the odour 
emissions and the emissions of hydrocarbons, organic acids s aldehydes 
and particulates. Existence of such a correlation would aid in. the 
development of future monitoring programmes and the assessment of 
abatement programmes at the automotive primer paint baking plants. 

Summary : 

The GM ELPO oven conversion from an Anionic to a 
Cationic System produced reductions in the emissions of odours, 
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hydrocarbons, aldehydes and organic acids. The average emission 
reductions were 21.8% for hydrocarbons, 24,4% for organic acids* 
62,7% for aldehydes and 33,8% for odours. The most significant decrease 
was found in the aldehyde emissions. This is in spite of the fact that 
the aldehyde emissions from the old process included only three stacks 
and that these "three stack emissions" are compared with the emissions 
from all four stacks in the new process. 

The results from the Cationic ELPO System (new process) 
indicate that there are possible correlations between hydrocarbon and 
odour emissions as well as the odour and aldehyde emissions. In the 
Anionic ELPO System (old process) no relationship between the odour 
emissions and the emissions of either hydrocarbons, or organic acids, 
or aldehydes or particulates was indicated. 

Particulate emission measurements were not performed on 
the 'new process 1 (Cationic ELPO System) because of lack of correla- 
tion between the odour and particulate emissions in the 'old process' 
(Anionic ELPO System) and because of similar results obtained at the 
GM's Scarborough ELPO Oven, as described in the ORF report of 1977, 
Furthermore, the particulate emissions are the lowest among the 
emissions of the four pollutants measured from this source, and, 
hence, far less important in characterization of emissions from the 
primer paint baking ovens. 

Process Descriptio n: 

The primer undercoating is applied to the truck cabs by 
electro-deposition, which entails passing of the vehicle bodies 
through a tank or bath of water-based primer paint. As the cabs enter 
the tank on an overhead conveyer, they are charged with an anodic or 



- 3 - 



positive charge. The tank serves as the cathode, and the electrical 
current applied to the water-based solution causes the anionically 
or negatively charged paint particles to migrate to the positively 
charged truck cabs where they leave the solution and form a thin even 
coating of primer on the truck cab surface. The water and other 
additives are squeezed away from the primer surface during depositions 
hence, the truck cabs are relatively dry upon leaving the primer 
tank or bath. The truck cabs are then passed through a three temper- 
ature zone oven for curing and baking of paint. This type of primer 
application is referred to by the automotive industry as Anionic 
ELPO System and henceforth shall be known as the "old process'. 

The Oshawa Truck Plant's ELPO operation was converted from 
an Anionic ELPO System to a Cationic ELPO System in the summer of 
1979. The modifications to the process involved a complete change 
of coating formulation with different solid and solvent composition 
and a reversal of electrical charges applied to vehicle bodies and 
tank or bath. However, the procedure for the primer application and 
the equipment operation, including the primer baking oven, remained 
unchanged, The converted primer application process will be known as 
the "new process" . 

General Motors* Oshawa facilities produce only truck cabs. 
A truck cab has an average surface area of 39.48 nr» Approximately 
23,66 1 of ELPO primer paint is required per truck cab. In the 'old 
process ' average truck cab hourly production rate was approximately 
40 cabs, while in the "new process 1 the average production rate is 
45 cabs/hour. 

The ELPO curing and baking oven is 86,4 m long, 3.7 m 
wide and 4.0 m high, It is divided into three heating or temperature 
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zones; Zone #1 is 16.8 n long with a temperature of 193°C, the length 
of Zone #2 is 35.8 in with a temperature of 193°C, and Zone #3 is 
33.8 m long with a temperature of 191°C. The cab surface temperatures 
in all three zones are maintained at approximately 182°C. In addition 
to these three temperature zones there is a flash-off or reflow zone 
located between temperature Zone #1 and the oven entrance. The 
temperature of this reflow zone is maintained at approximately 48,9°C, 
Each of the three temperature zones as well as the reflow 
zone is vented individually. Gases from Zones #1, #2 and #3 are 
exhausted by 214 m^/min, 184 m^/min and 190 nrfynrin fans respectively, 
through three 61 cm diameter stacks extended 11 meters above the 
roof line of the oven. The reflow zone is vented by a 623 mfynrfn fan 
through a 30 cm diameter stack extended 3.7 m above the roof line. 
Two 10 cm ports are cut at right angles to each other at approxi- 
mately 6 stack diameters downstream from the fan on each of the 
temperature zone stacks. In addition, a third port of 5 cm in dia- 
meter, is located at approximately 15 cm above the two 10 cm ports 
for the measurement of hydrocarbon concentrations. A similar set of 
ports was cut on the reflow stack at approximately 6 stack diameters 
downstream of the fan. The reflow stack is capped. The locations 
of the stacks on the oven roof are depicted in Figure 1. 

Sampling and Analytical Methodologies : 

All samples from the "old process 1 were collected in 
November 1977, while sampling of the "new process' took place in 
July 1979. The measurements on each stack included the determination 
of odour threshold values of the exhaust gases, emission rates of 
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total aldehydes a organic acids, particulate (aerosol) matter and the 
concentrations of total hydrocarbon emissions, The total hydro- 
carbon concentrations were measured with an 1PM Ratfisch Total Hydro- 
carbon Analyzer, model RS5. 

All aldehyde, organic acid and particulate samples were 
collected with EPA Method 5 sampling trains. Both aldehyde and 
organic acid emission measurements were performed in accordance with 
the IA-APCP procedures and the Ontario Source Testing Code, The 
aldehyde and organic acid samples from the "old process' (November 
1977) were analyzed by Nucro-Technics Limited. Their report can be 
found in Appendix A, The analyses of the aldehyde and organic 
acid samples from the 'new process" (July 1979) were performed by 
the Ontario Research Foundation (O.R. F.)- Their report can be found 
in Appendix C. 

The particulate matter from tests in November, 1977, was 
weighed by the Source Assessment Unit; details are outlined in 
Appendix B, No particulate determination was performed on the "new 
process" (July, 1979) due to the fact that Tow emission rates were 
determined for the 'old process' and because of a lack of any correlation 
between the particulate emission rate and the odour threshold values. 

Predilution was employed in the collection of odour samples 
to prevent condensation, which may cause lowering of the odour intensity, 
upon sample storage. The odour samples were collected in pre-conditioned 
tedlar sampling bags and evaluated by an odour panel consisting of a 
minimum of six members. Both prediluted and unprediluted odour samples 
were collected at each source. The predilution gas employed was 
bottled nitrogen, which is inert and which may have helped in 
hindering oxidation on storage. The predilution 
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ratio for the 'old process" was 5:1, These samples were evaluated 
by the Source Assessment Unit using an I IT Research Institute's 
Dynamic Triangle Olfactometer and following the Dravniek (Dynamic 
Dilution) evaluation procedures, The predilution ratio employed for 
the 1979 samples was 4.7:1 for the high termperature zone stacks and 
3.3:1 for the reflow stack, These samples were evaluated by O.R.F., 
employing a dynamic dilution system of their own design and following 
I modified Dravniek odour panel evaluation procedure, Details of 
these evaluations can be found in Appendix B. 

Results and Discussion : 

Odour Emissions : 

Odour threshold values and emission rates are tabulated 

in Tables 1 and 2 for the 'old' and 'hew process" respectively. 

Table 3 compares the odour threshold values between the 'old process 1 

and the 'new process"; from this table it is noted that in the "old 

process" an average odour threshold value per stack is 3691 o,u. (odour units) 

while in the "new process" the average odour threshold value per stack 

is 2653 o.u, This represents a reduction of approximately 28% in the 

average odour emissions between the "old" and "new process" (O.R.F. 

found approximately 48% in overall odour reduction at GM's Scarborough 

facilities }. From the same table (3) it can be noted that the odour 

threshold reductions are not uniform from stack to stack. Odours in 

stacks #2 (heating zone #2) and #4 (reflow) have increased; in the 

case of stack #4 the exhaust gases from the "new process" have almost 

double odour threshold compared to the gases from the 'old process". 

At GM's Scarborough plant, O.R.F. found an increase in the odour 

threshold value at the reflow stack (stack #1), but that increase was 

much lower (7.5%) than in the measurements at the Oshawa plant. Also* 
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O.R.F. did not observe any increase in odour emissions from any of 
the heating zone stacks of the Scarborough oven. Possible explanation 
for these discrepancies could be sought in slightly different designs 
of the two ovens. The Scarborough oven is approximately 10 meters 
longer than the Oshawa oven and it has five heating zones as compared 
to Oshawa oven's three heating zones. Furthermore , all five heating 
zones of the Scarborough oven are heated to 171°C. These design 
differences could also explain the lower odour emission reduction 
from the Oshawa truck plant oven upon paint change, as compared to the 
Scarborough van plant. 

Comparison of odour emission rates from the 'old* and' new 
process' in the Oshawa plant is illustrated in Table 4. It is noted 
that the trend in the emission rates follows the trend in the odour 
threshold. The overall reduction in the odour emission rate from the 
oven, achieved by switching the two ELPO processes is approximately 
34%. 

Hy d r o ca r bo n Em i s s i o n s ; 

The hydrocarbon emissions can be found in Tables 5 and 6 
for the "old 1 and 'new process 1 respectively. The comparisons of 
corresponding emission rates and concentrations for the 'old process* 
and the 'new process' are shown in Tables 7 and 8 respectively. 
From Table 7, an average hydrocarbon concentration per stack is 
164.93 ppm for the "old process' and 113.24 ppm for the 'new 
process", hence, there is a reduction of approximately 31% in the 
'new process". The average hydrocarbon concentration reduction is 
of the same order of magnitude as the average odour threshold values 
reduction. However, the characteristics of reduction for the 
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individual stacks are different; hydrocarbon concentrations in stacks 
#2 3 #3 and #4 have been reduced while in stack #1 there was a 68,8% 
increase in total hydrocarbon concentrations. Hence* it may be con- 
cluded that the percentages of the overall reductions in the emissions of 
both odours and hydrocarbons are of very similar magnitudes^ but 
there is no correlation in the measurements at the individual stacks. 

The decreases in hydrocarbon emission rates from individual 
stacks (Table 8) have the same characteristics as hydrocarbon con- 
centrations. However, the order of magnitude of percent reductions 
are different for different stacks; in stacks #2 and #3 these reduc- 
tions are similar and in the order of 20% while in stack #4 the 
emission rate was decreased by more than approximately threefold. 

The odour threshold values and hydrocarbon concentrations 
versus stack numbers are plotted on Figures 2 and 3, It is observed 
from Figure 2 that hydrocarbon concentrations do not correlate with 
the odour threshold values from stack to stack in the 'old process'. 
However, Figure 3 shows that the hydrocarbon concentrations and 
odour threshold values in the "new process' display the same general 
trend; although the sharpness of the hydrocarbon concentrations 
peak is less pronounced than the odour threshold values peak, The 
plots for odour emission rates and hydrocarbon emission rates versus 
stack numbers can be found on Figures 9 and 10. From Figure 9, again 
no correlations were found between hydrocarbon and odour emission 
rates in the "old process 1 , but the "new process" (Figure 10) displays 
similar results as the hydrocarbon concentrations and odour threshold 
values. Hence, it may be concluded that there is a possible 
correlation between the odour and hydrocarbon emissions from the "new 
process" . 
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Aldehyde Emissions ; 

The aldehyde emission rates and concentrations in the 
'old'and'new process' are depicted in Tables 9 and 10 respectively. 
No aldehyde emission rates and concentrations were established for 
stack #4 (reflow) from the 'old process 1 because of interf erring 
species in the sample of stack gas, It is suspected that the aldehyde 
emissions from this source would be low as indicated by the results 
from the Scarborough oven (O.R.F. Report V. 

The comparisons of aldehyde concentrations and emission 
rates between the 'old'and'new process' are tabulated in Tables 11 and 
12 respectively. Again, the average oven emission comparisons are 
based on three stacks for the "old process' and four stacks for the 
'new process". The per stack average aldehyde concentrations were 
14.035 ppm for the 'old process' and 7.633 ppm for the "new process'. 
Although the average aldehyde concentration for the 'old process' is 
the average of three stacks, it is still almost double the average 
concentration of the "new process' (Table 11). A similar percentage 
of reduction (approximately 63%) is found in the average aldehyde 
emission rates between the 'old process" and the "new process" (Table 
12). Average aldehyde emission rates per stack of 0,217 kg/hr for 
the "old process' and 0.081 kg/hr for the 'new process* were observed 

The odour thresholds and aldehyde concentrations versus 
stack numbers are plotted on Figure 4 for the 'old process' and on 
Figure 5 for the "new process". There are no indications of any 
correlations between odour thresholds and aldehyde concentrations in 
the "old process'. There are, however, strong similarities between 
the odour thresholds and aldehyde concentrations for the "new process 1 
(Figure 5). The odour thresholds and aldehyde concentrations curves 
display the same general characteristics, with the aldehyde" s point 
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of maximum being much lower than that of odour's. 

The aldehyde emission rates and odour emission rates for 
the 'old' and 'new process" are plotted on Figures 11 and 12 respectively. 
No correlation between these two pollutants in the 'old process' is 
indicated (Figure 11). On Figure 12, the curves for odour emission 
rates and aldehyde emission rates are almost identical, hence, an 
indication that correlation between these two pollutants from the 
'new process' may exist. 

Organic Acid Emissions ; 

The emission rates and concentrations of organic acids 
are found on Tables 13 and 14 for the 'old 1 and 'new process ' respectively, 
The comparison of organic acid concentrations and emission rates for 
the 'old' and "new process' are shown in Tables 15 and 16 respectively. 
A per stack average organic acid concentration in the 'old process* 
was 96.06 ppm while in the "new process' this concentration was 74.47 ppm. 
This indicates that the 'new process* has reduced its per stack average 
organic acid concentration by approximately 22% (Table 15). From the 
same Table, it is observed that similar reductions were observed in 
all heating zone stacks, except for Stack #4 (reflow), where organic 
acid concentration was increased by approximately 10%. It is observed 
from Table 16 that the 'old process' has an average organic acid 
emission rate of 2.09 kg/hr per stack while the 'new process' has a 
per stack average emission rate of 1.58 kg/hr. This indicates that 
the 'new process 1 has reduced the average organic acid emission rate 
by approximately 24%. From the same Table it is noted that there is a 
reduction in emission rates from all four stacks. The range of re- 
duction is between 13 to 30.8%. However, the reduction trend in 
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organic acid emission rates deviates from the organic acid concentra- 
tions in that in Stack #4 there was an increase in concentration, 
A possible explanation is that the exhaust gas volume for Stack #4 in 
the "new process' is lower than the 'old process', hence a reduction 
in the emission rate from the ''new process 1 ., 

The odour threshold values and organic acid concentrations 
versus stack numbers are plotted on Figures 8 and 7 for the 'old' and 
"new process' respectively. Both plots indicate that there is no 
correlation between the odour threshold values and the organic acid 
concentrations. Plots of odour emission rates and organic acid 
emission rates versus stack numbers for the "old" and 'new process' 
respectively, are shown in Figures 13 and 14. The curves on these 
two graphs are similar, which indicates that there are no correlations 
between odour emission rates and organic emission rates in either 
the "old 1 or the "new process 1 . 

Particulate (Aerosol) Emissions : 

The concentrations and emission rates of particulates for 
the 'old process" are tabulated on Table 17. From this table, it is 
observed that the ELPO oven has an average stack particulate emission 
rate of 0.025 kg/hr and a per stack average particulate concentration 
of 3.061 mg/m3, These are the lowest emission rates and concentrations 
of the four pollutants measured at this source (old process). 

The particulate concentrations and odour concentration 
versus stack numbers are plotted on Figure 8. This graph indicates 
that the trend of the particulate and odour concentrations are 
dissimilar and almost mirror images of each other. Similar character- 
istics are displayed by the curves of particulate emission rates 
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versus stacks and odour emission rates versus stacks (Figure 15). 
Hence, it may be concluded that the odour emission rates do not 
correlate with the particulate emission rates nor do odour thres- 
hold values correlate with the particulate concentrations. 

Due to the lack of correlations of the odour and particulate 
emissions (O.R.F. also indicated the same results for the GM Scarborough 
oven 1 ) and the low emissions for particulate from this source, it was 
decided to omit the particulate emission determinations from the 
July 1979 (new process) emission measurement programme. 

Conclusions : 

1, Change from anionic to cationic ELPO process resulted in reduction 
of odour emissions. This reduction was 34X in terms of actual 
odour discharge per unit time from the oven. However, if the 
odour discharge is expressed per unit production the reduction 
per cab is approximately 381. 

2, Similarly* emission reductions were observed for all chemical 
species measured in this sampling programme. The percent reduction 
varies depending on species and for total hydrocarbons it was 
21.8%, for aldehyde 62,7% and for organic acids 24,41, 

3, Attempts to correlate the concentrations of chemical species 
measured in each stack with the corresponding odour strength met 
with mixed success; total hydrocarbons and total aldehydes 
exhibited possible correlation with odours while organic acids and 
particulates indicated no such correlation, 
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1. O.R.F. Report 77-02 'Evaluation of ELPO Oven Emissions 

(Proposal P-2528/6) for Air Resources Branch, Ministry 
of the Environments Toronto , Ontario, and General Motors 
of Canada Limited, Scarborough, Ontario. 



Table 1: 
Odour Threshold Values and Emission Rates (Old Process) 



STACK t 


DATE 


PREDILUTION 

RATIO 


ODOUR 

THRESHOLD 

(o.u,*) 


EMISSION RATE fi 
o.u.*/min x XQ 


1 


Nov, 15, 1977 





306 


1,68 


Nov. 17, 1977 


5:1 


2460 


13.50 


* 
2 


Nov. 9 9 1977 





271 


1,42' 


Nov, 9, 1977 


5:1 


3414 


17.93 


3 


Nov. 16, 1977 





1845 


10.14 


Nov. 16, 1977 


5:1 


8018 


44,05 


4 


Nov, 8, 1977 





119 


0,28 


Nov. 8, 1977 


5:1 


873 


2.08 



o.u. i one volume unit of the odourous gas diluted with x volume units of 

odourless air to reach the panel odour threshold value at which 50% of the 
panelists would not detect an odour, B# convention, volume units are 
measured in cubic feet. 



Table 2: 
Odour Threshold Values and Emission Rates (New Process) 



STACK # 


DATE 


PREDILUTION 

RATIO 


ODOUR 

THRESHOLD 

(o.u. *) 


EMISSION RATEg 
o.ut/min x 10 


1 


July 4, 1979 





289 


1.61 


July 4, 1979 


4.7:1 


1939 


10.83 


2 


July 3, 1979 





657 


3 . 38 


July 3 5 1979 


4.7:1 


4573 


23.54 


3 


July 4, 1979 





410 


2.30 


July 5 S 1979 


4.7:1 


2437 


13.68 


4 

'-'— — -— -jgt-.a-gMi-i.-rfiS-.TrrN -i r nm - - 


July 5 S 1979 





604 


1.20 


July li 1979 


4.7:1 


1662 


3.29 



o.u 



= one volume unit of the odourous gas diluted with x volume units 

of odourless air to reach the panel odour threshold value at which 50% 

of the panelists would not detect an odour. By convention , volume 
units are measured in cubic feet. 



en 
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Table 3: 



Comparison of Odour Threshold Values 



STACK f 


ODOUR THRESHOLD VALUES (out) 


PERCENTAGE 
CHANGE 


OLD PROCESS 


NEW PROCESS 


1 


2460 


1939 


- 21,2 


2 


3414 


4573 


+ 34.0 


3 


8018 


2437 


- 69,6 


4 


873 


1662 


+ 90,4 


Average 


3691 


2653 


- 28.1 



ou = one volume unit of the odourous gas diluted with x volume 

units of odourless air to reach the panel odour threshold value at 
which 50% of the panelists would not detect an odour. By conven- 
tion, volume units are measured in cubic feet. 



Table 4: 
Comparison of Odour Emission Rates 



STACK # 


ODOUR EMISSION RATES (ou%iin x 10" 6 ) 


PERCENTAGE 

CHANGE 


OLD PROCESS 


-T-. 

NEW PROCESS 


1 


13.50 


10.83 


- 19.8 


2 


17.93 


23,54 


+ 31.3 


3 


44 . 05 


13.68 


- 68.9 


4 


2.08 


3.29 


+ 58.2 


Average 


19.39 


12.84 


- 33.8 



OU i 



one volume unit of the odourous gas diluted with x volume units 
of odourless air to reach the panel odour threshold value at 
which 50% of the panelists would not detect an odour. By convention, 
volume units are measured in cubic feet. • 
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Table 5: 



rocarbon Concentrations and Emission Rates (Old Process) 



STACK, # 


DATE 


HYDROCARBON CONCENTRATION 

(as m A ) 


HYDROCARBON (CH4) 
EMISSION RATE 

kg/hr 


i 3 
mg/m 


ppin 


1 


Nov. 15, 1977 


32.033 


64.163 


0.300 


2 


Nov. 16, 1977 „ 


97.309 


194.910 


0.869 


3 


Nov. 9, 1977. 


73.469 


147.159 


0.697 


4 


Nov. 8, 1977 


126.560 


253.500 


0.514 



00 



Table 6: 



Hydrocarbon Concentrations and Emission Rates (New Process) 



STACK # 

\ . , -„.,,-■„„ 


DATE 


HYDROCARBON CONCENTRATION 
(as CH/|) 


HYDROCARBON (CH4) 
EMISSION RATE 

kg/hr 


, 3 
mg/m 


ppm 


1 


July 6, 1979 


54.074 


108.31 


0.530 


2 


July 5, 1979 


73,530 


147.28 


0.644 


3 


July 6, 1979 


57.574 


115.32 


0.549 


4 


July 5, 1979 


40.964 


82.05 


0.138 



I 



Table 7: 



Comparison of Hydrocarbon Concentrations 



STACK # 


HYDROCARBON CONCENTRATION (as CH, ) 
( Don) 4 


PERCENTAGE 
CHANGE 


OLD PROCESS 


NEW PROCESS 


1 


64,16 


108,31 


+ 68.8 


2 


194.91 


147.38 


- 24.4 


3 


147.16 


| 

115.32 


- 21,6 


4 


253.50 


82.05 


- 67 .6 


Average * 


164.93 


113.24 


- 31.3 ** 



s 



* Represents an arithmetic mean and not a weighted average. 
** Represents change in the average. 



Table 8: 



Comparison of Hydrocarbon Emission Rates 



. STACK # 



HYDROCARBON EMISSION RATES (as CHJ 
(kg/hr) 



OLD PROCESS 



Average 



0.300 



0.869 



0.697 



0.514 



0.595 



NEy PROCESS 



0.530 



0.644 



0.549 



0.138 



0.465 



PERCENTAGE 
CHANGE 



+ 76.7 



- 25.9 



- 21.2 



- 73.2 



- 21.8 



> 



Represents changes in the average, 



Table 9: 



Aldehyde Concentrations and Emission Rates (Old Process) 



■ 

STACK # 


DATE 


ALDEHYDE CONCENTRATION 
(as HCHO) 


ALDEHYDE (HCHO) 
EMISSION RATE 

kg/hr 


/ 3 

mg/m 


ppm 


1 


Nov. 16, 1977 


7,925 


6.24 


0.074 


2 


Nov. 17, 1977 


35.805 


28.194 


0.316 


3 


Nov. 17, 1977 


27.565 


21.706 


0.260 


i " i 

4 


Nov. 17, 1977 


_ * 


- * 


m * 



r\3 



No analysis due to spoiled samples. 



Table 10: 



Aldehyde Concentrations and Emission Rates (New Process) 



STACK J 

IU 


DATE 


ALDEHYDE CONCENTRATION 
(as HCHO) 


Aldehyde (HCHO) 
Emission Rate 
kg/hr 


mg/m 3 . - 


ppm 


1 


July 4, 1979 


5,785 


4.555 


0.053 


2 


July 5, 1979 


18.135 


14.285 


0.157 


• 


July 5, 1979 


11.154 


8.785 


0.102 


i " 

4 


July 6, 1979 


3.688 


2,905 


0.013 



CO 



Table 11: 



Comparison of Aldehyde Concentrations 



STACK # 


ALDEHYDE CONCENTRATION (as HCHO) 
(PPm) 


PERCENTAGE 

CHANGE 


OLD PROCESS 


NEW PROCESS 


1 


6.240 


4,555 


- 27.0 


2 


28.194 


14,285 


- 49.3 


3 


21.706 


8.785 


59.5 


4 


_ i 


2.905 


- o 


Average 


14.035 + ** 

■ ■ — - — — 


7.633 ** 


- 47.5 " *** 



* No analysis due to spoiled samples 

+ Total of only 3 stacks 

- Comparison between 4 stacks new process and 3 stacks. old process 

o No comparison between old and new processes 

** Represents an arithmetic mean, not a weighted average 

*** Represents change in the average 






Table 12: 



Comparison of Aldehyde Emission Rates 



STACK # 


ALDEHYDE EMISSION RATE (as HCHO) 
(kg/hr) 


PERCENTAGE 
CHANGE 


OLD PROCESS 


NEW PROCESS j 


' I 


0.074 


0.053 


- 28.4 


I 


0.316 


0.157 


- 50.3 


3 


0.260 


0.102 


- 60.8 


4 


_ * 


0.013 


- 


Average 


0.217 + 


0.081 


- 62.7 ** 



* No analysis due to spoiled samples 

+ Total of only 3 stacks 

- Comparison between 4 stacks^ new process and 3 stacks old process 

o No comparison between old and new 

** Represents change in the average 



en 



Table 13: 



Organic Acid Concentrations and Emission Rates (Old Process) 



STACK # 


DATE 


ACID CONCENTRATIONS 
(as CH ? COOH) 


ORGANIC ACID(CH 3 C[ 
EMISSION RATE 

kg/hr 


3 

nig/m 


ppm 


1 


Nov,? 15 , 1979 


263.89 


103.23 


2.48 


2 


Nov. 17, 1977 


296.37 


115.94 


2.66 


3 


Nov. 10, 1977 


291.09 


113.87 


2.67 


i 

4 


Nov. 17, 1977 


, 130.85 


•• 51,19 


0.54 



C7> 



Table 14: 
ic Acid Concentrations and Emission Rates (New Process) 



STACK # 

— - *i 


DATE 


ACID CONCENTRATIONS 
(as CH^ COOH) 


ORGANIC ACID (CHUi 
EMISSION RATE 

kg/hr 


3 
mg/m 


ppm 


1 


July 6, 1979 


208:89 


81.71 


2.03 


2 


July 4 S 1979 


209.35 


81,90 


1.84 


3 


July 5, 1979 


199.75 


78.15 


1.98 


4 


July 4, 1979 


143.45 


56.12 


0,47 



.COOH) 



ro 



Table 15: 

arison of Organic Acid Concentrations 



STACK I 


ORGANIC ACID CONCENTRATIONS 


PERCENTAGE 
CHANGE 


OLD PROCESS 


nm process 


- 
1 


103,23 


81.71 


- 20.8 


2 


115.94 


81.90 


- 29.4 


3 


113.87 


78.15 


- 31.4 


4 


51.19 


56.12 


+ 9.6 


Average 


96.06 * 


74.47 * 


- 22.5 ** 



IX) 
CO 



* Represents an arithmetic mean, not a weighted average 
** Represents change in the average 



Table 16: 
Comparison of Organic Acid Emission Rates 



STACK | 


ORGANIC ACID EMISSION RAiES 
(as CH„ COOH) (kg/hr) 


PERCENTAGE , 
CHANGE 


OLD PROCESS 


NEW PROCESS 


1 


2.48 


2.03 


- 18.1 


2 


2.66 


1,84 


- 30.8 


3 


2.67 


1.98 


- 25.8 


4 


0.54 * 


0.47 


- 13.0 


Average 


2.09 


1.58 


- 24.4 * 






* Represents change in the average 



Table 17: 
Particulate Concentrations and Emission Rates (Old Process) 



STACK | 

*, — __ 


DATE 


PARTICULATE CONCENTRATION 


PARTICULATE 
EMISSION RATE 

kg/hr 


3 
mg/m 


gr/SCF 


1 


Nov. 15, 1977 


1.830 


7.998 x TO" 4 


0.017 


2 


Nov. 17, 1977 


4.83 


2.111 x 10" 3 


0.043 


* 

I 


Nov. 10, 1977 


3.021 


1,320 x 1Q~ 3 


0.029 


4 


Nov. 17, 1977 


2.562 


1.120 x lO" 3 


0.010 


Average 




3.061 * 


1.338 x 10" 3 * 


0,025 



CO 

o 



* Represents an arithmetic mean and not a weighted average 



FIGURE 1: ALLOCATION OF STACK NUMBER AND HEATING ZONES 
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*N0TE : Drawing not to scale. 
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FIGURE 2; 



PLOT OF ODOUR THRESHOLD VALUES AND HYDROCARBON 
CONCENTRATIONS (OLD PROCESS) VS. STACK NUMBER 

&•- odour threshold values 
a- hydrocarbon concentrations 




2 3 
STACK NUMBER 






180 



4500 



160 



4000 



CO 



Q 

O 

CO 
UUI 






3500 



3000 " 



2500 



2000 



1500 






140 



2 120 



o 

o 



§ loo 

s 

o 
OS 

O 



80 



60 



40 



20 



- 33 - 



FIGURE 3: 

PLOT OF ODOUR THRESHOLD VALUES AND HYDROCARBON 
CONCENTRATIONS (NEW PROCESS) VS. STACK NUMBER 



#- odour threshold values 
a - hydrocarbon concentrations 
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FIGURE 4: 
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PLOT OF ODOUR THRESHOLD VALUES AND ALDEHYDE 

CONCENTRATIONS (OLD PROCESS) VS. STACK NUMBER 

• - odour threshold values 
a - aldehyde concentrations 



8000 



7000 



6000 



o 



Q 

o 

X 

: 

ac 

o 

Q 
O 



5000 - 



4000 



3000 



2000 



30 - 



25 



Q. 



o 






UJ 



o 



*3- 



Qi 



20 



15 



10 



1000 




2 3 

STACK NUMBER 



- 35 - 



5000 



4500 



4000 



•m. 


a, 




Q_ 


in 


;z 


yj 


o 


za 


1— 1 


i ' 


1— 




H 


,Q 


z 


g 3500 


o 

as 


w 


o 


LU 


u 


BC 




X 


lyj 


1— 


O 




>- 


e£ 


I 


™ i 


LU 


O 


£3 


Q 


_J 


o 


< 



3000 



2500 



2000 



1500 



35 



30 



25 



20 



15 



10 



FIGURE 5: 

PLOT OF ODOUR THRESHOLD VALUES AND ALDEHYDE 
CONCENTRATIONS (NEW PROCESS) VS. STACK NUMBER 

• - odour threshold values 
a- aldehyde concentration 
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FIGURE 6: 

PLOT OF ODOUR THRESHOLD VALUES AND ORGANIC ACID 
CONCENTRATIONS (OLD PROCESS) VS. STACK NUMBER 

• - odour threshold values 
a- organic acid concentration 
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FIGURE 7: 

PLOT OF ODOUR THRESHOLD VALUES AND ORGANIC ACID 
CONCENTRATIONS (NEW PROCESS) VS. STACK NUMBER 

• - odour threshold values 

a- organic acid concentrations 
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PLOT OF ODOUR THRESHOLD VALUES AND PARTICULATE 

CONCENTRATIONS (OLD PROCESS) VS. STACK NUMBER 

• - odour threshold values 
▲ - particulate concentrations 
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FIGURE 9: 

PLOT OF ODOUR EMISSION RATES AND HYDROCARBON 
EMISSION RATES (OLD PROCESS) VS. STACK NUMBER 

• - odour emission rates 

a- hydrocarbon emission rates 
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FIGURE 10: 

PLOT OF ODOUR EMISSION RATES AND' 
HYDROCARBON EMISSION RATES (NEW 
PROCESS) VS. STACK NUMBER 

• - odour emission rates 

a- hydrocarbon emission rates 
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FIGURE 11: 

PLOT OF ODOUR EMISSION RATES AND ALDEHYDE EMISSION 
RATES (OLD PROCESS) VS. STACK NUMBER 



• - odour emission rates 
▲ - aldehyde emission 
rates 
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FIGURE 12: 

PLOT OF ODOUR EMISSION RATES AND 
ALDEHYDE EMISSION RATES (NEW PROCESS) 
STACK NUMBER 

• - odour emission rates 
a - aldehyde emission rates 
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FIGURE 13: 
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PLOT OF ODOUR EMISSION RATES AND ORGANIC ACID 

EMISSION RATES (OLD PROCESS) VS. STACK NUMBER 



- odour emission rates 
▲ - organic acid emission rates 
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FI6URE 14: 

PLOT OF ODOUR EMISSION RATES AND ORGANIC 
ACID EMISSION RATES (NEW PROCESS) 'VS. 

STACK NUMBER 

• - odour emission rates 

▲ - organic acid emission rates 
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FIGURE 15: 

PLOT OF ODOUR EMISSION RATES AND PARTICULATE 
EMISSION RATES (OLD PROCESS) VS. S* 
NUMBER 



• - odour emission rates 
▲ - particulate emission 
rates 
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INTRODUCTION 

Nucro-Technics has previously reported (Oct. 31,1977) method validation data and 
analytical results for organic acids and aldehydes from stack emissions of com- 
mercial kitchens, Method validation data for total organic acids and total 
aldehydes was presented at that time, Additional impinger solution samples were 
received on Nov. 25, 1977 originating from stack emissions from automotive paint 
drying ovens. The samples had not been refrigerated and were in screw cap clear 
glass bottles. Results of analyses of these samples are described along with 
additional method validation data. 



I) ORGANIC ACID ANALYSIS 

A) Further Validation for Total Organic Acids 

A sample of glacial acetic acid (Assay Value 99.9% wt/vol.) 752.1 mg was 
dissolved in SI NaOH and made to 1.00 litre in a class A volumetric flask. 
A 1/1 0th dilution was prepared in 5% NaOH. The results are summarized in 
Table 1. Recoveries for acetic acid ranged from 75% to 82%, closely agree- 
ing with our previous average recovery of 76%. 
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ORGANIC ACID ANALYSIS 

Additional information was requested: 

1) The volume of sample taken for extraction and titration was 50 milliliters, 

2) The normality and volume of the 0. IN NaOH solution consumed. The requested 
volumes and normality is arranged by tables as originally reported. The 
Tables have been expanded to include this additional information. 

TOTAL ALDEHYDE ANALYSIS - 

The volume of sample taken for titration was 1.0 milliliters as reported in 
section (b) Results of Total Aldehyde Samples, page 5 Interim Report of October, 
31, 1977. The exact normality of the 0.O05N Iodine titrant was 0. 0Q459N. The 
supplied blank required 0.075 milliliters of titrant. 

The column headed Average Volume of 0.00459 Iodine Required (mis) of Table V, 
page 5, Interim Report of October 31, 1977, gives the volume of 0.00459N Iodine 
titrant consumed, without blank subtraction. The column headed Average Volume 
of 0.00518N Iodine Required (mis) of Table III, Final Report of December 23, 
1977, gives the volume of 0.00518N Iodine titrant consumed without blank sub- 
traction. 

Correction in Table V, page 5, Total Aldehydes in 1% Sodium Bisulfite Impinger 
Solution, October 28, 1977. Line 1,1 M PW from C & B 25/9/77 should read 70.6 
milligrams Total Aldehydes in Sample. 



TABLE 1 



VOLUME 0..1N NET VOLUME O.IN ACETIC ACID 
SAMPLE NaOH CONSUMED NaOH CONSUMED RECOVERED (mg/1 ) % RECOVEF 



Blank 0.40 ml 



752 mg/1. 5.15ml 4.75 ml 5831:7: 



752 mg/1 5.00 ml 4.60 ml 565.3 



75.2 mg/1. 0.90ml 0.50ml 61.4 81.7 



75.2 mg/1. 0.90 0.50ml 61.4 
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B) Results for Total Organic Acids 

Results of total organic acid analyses in the four G.M. samples are 
presented in Table II. 

C) Discussion of the Results Obtained for Total Organic Acids 

Considerable variation was found between repeat analyses conducted on 
25/11/77 and 28/11/77 using identical technique by the same analyst. 
Since the results of the 28th were lower than those of the 25th, the 
possibility of variation between batches of ether was suggested. As 
well, the odour of these samples was more pronounced then that of the 
previous samples suggesting a higher degree of volatility. Accordingly, 
the procedure was carried out using acid-washad ether to reduce the var- 
iation between batches of ether. The ether after washing with dilute 
HC1 in a seperatory funnel was dried by filtering thru anhydrous Na^SOz}, 
As well, a comparative test to measure the affect of using prechilled 
ether and acidifying the sample when covered with a layer of prechilled 
ether was carried out. The rest of the extraction was carried out 
using prechilled ether and an ice-bath to reduce the necessity for vent- 
ing the seperatory funnel during the extraction. 

A single sample -001 was analyzed in duplicate using acid washed ether with 
and without a cold technique to evaluate losses due to the more volatile 
nature of these samples. 

In both cases the organic acid (mg/1) rose dramatically. The increase in 
the cold technique over room temperature handling was 25% indicating a 
surprising degree of loss from the sample during room temperature handling. 
The close agreement of the duplicates should be noted. 
Accordingly, the four G.M. samples were reanalyzed using acid-washed pre- 
chilled ether and a cold technique. The results (mg/1) again rose dramat- 
ically from the results of 25/11/77 and 28/11/77. However the lack of agre- 
ement with the single result of 2/12/77 was noted without explanation. 



TABLE II A 



TOTA. JIGAM1C ACIDS IN 5% NaOH IHP1K A SOLUTION 
(28/11/77) 



Sample # 



GM-03-OA-001 



6M-01 -QA-OG3 



I-04-0A-008 



I-02-0A-006 



Source 



GM-ELPO 



GM-ELPO 



GM-ELPO 



GM-ELPO 



Location 



Stack # 
03-ACK 



Stack # 

Ol-HF 



Stack # 
04-Reflow- 

WB 



Stack § 
02-GR 



Date 



10/11/77 



15/11/77 



17/11/77 



17/11/77 



Age 
( Days ) 



18 



13 



1 1 



11 



Total Sample 
Volume (mis) 



660 



511 



682 



596 



Concentration 
(mg/1) 



573.2 



585.2 



394.0 



549.4 



Total in 
Sample (mg) 



378.3 



299.0 



268.7 



327.6 
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Addition to Table 1 1 A of December 23, 1977 



TOTAL ORGANIC ACIDS II 5% MM IMPINGER SOLUTION 
(28/11/77) 

VOLUME OF O.IN MaQ'H VOLUME OF O.IN NaOH 

SAf4PLE # CONSUMED (MLS) CONSUMED LESS BLANK _(MLS_j_ 



GM-03-0A-001 5.50 

GM-01-0A-003 '5.60 



4,8 

4.9 
GM-04-0A-008 4,0 3,3 

J1-02-0A-006 5.30 4.6 

-s 

Blank 0.70 



NOTE: Exact normality of O.IN NaOH was 0.09552N 



Revised 9/1/78 



TABLE II B 



~ TOTAL ORGANIC ACIDS IN 5% H$*H IMPINGER SOLUTION 



Sample # 
jte: Source, Location and Date 
as per Table II A. 



D ate Tested - 25/11/77 
GM-03-OA-001 

GM-Ol -OA-003 

, GM-04-0A-0Q8 

GM-02-0A-006 

Date Tested - 2/12/77 
GM-03-OA-001 

GM-03-QA-0Q1 

GM-03-OA-GQ1 

GM-03-0A-001 

Da te Tested - 6/12/77 
GM-03-0A-001 

GM-Ol -OA-003 

GM-04-0A-008 

GM-02-0A-006 



* Analysis of 2/12/77 b) and 6/ 
throughout the technique. 



Age (Days) 



15 

10 

8 

8 

22 
22 



26 
21 
19 
19 



2/77 were done using prechilled acid washed 



Total Sample 
Volume (mis) 



660 
511 
682 
596 

660 
660 
660 
660 

660 
511 
682 



Concentration 
(mg/1) 



286,8 
268.9 
274.9 
298.8 

a) 785.2 
. 767.2 

b) 985.2 
1003.2 

674.6 
716.4 
453.8 
644.8 

diethyl ether and ice 



Total in 
Sample (mg) 



189.3 
137.4 
187,5 
178,1 

518.2 
506.4 
650.2 
662.1 

445.2 
366.1 
309.5 
384.3 
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Addition to Table I IB of December 23, 1977 



TOTAL ORGANIC ACIDS IN 5% NaOH WINGER SOLUTION 



SAMPLE # 


VOLUME OF 0, IN NaOH 
CONSUMED (MLS) 


VOLUME OF 0.1N 
CONSUMED LESS BU 


Date Tested 25/11/77 
GM-03-OA-001 


2.75 


2.40 


GM-01-0A-003 


2.60 


2.25 


GM-Q4-0A-008 


2.65 


2.30 


GM-02-OA-006 


2.85 


2.50 



Blank 0.35 

Exact normality of 0.1N NaOH was Q.09959N 

Date Tested 2/12/77 
GM-03-QA-001 7.175 6.575 

GM-03-QA-001 7.025 6.425 

GM-03-0A-001 8.85 8.25 

GM-Q3-0A-QQ1 9.0 8.40 

Blank 0.6 

Exact normality of 0.1N NaOH was 0.09952N 

Date Tested 6/12/77 
GM-03-OA-001 - 6.00 . 5.65 

GM-Ol-OA-003 ■ 6.35 6,00 

GM-04-QA-008 4.15 3.80 

GM-02-QA-006 5.75 5.40 

Blank 0.35 

Exact normality of 0.1N NaOH was 0.09951N 
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1 1 ) TOTAL ALDEHYDE ANALYSIS 

A) The results for total aldehyde analysis of the five G.M. samples are 
shown in Table III. All samples were analyzed on 28/11/77, 

B) Discussion 

Two of the samples GM-007 and -009 were yellowish in colour. 
Both of these samples gave difficulty on analysis. When sample-009 was 
analyzed in duplicate, one of the duplicates took on a permanent dark 
blue colour. Upon repetition in triplicate with special attention 
being given to continuous blowing with M2 gas in order to blow off SO2 
dissolved in the sample, the triplicates were satisfactory and agreeable. 
Sample - 007 was analyzed 5 times and on each occasion took on a permanent 
dark blue colour despite continuous blowing with N2 gas. The excessive 
production of SO2 9as was assumed to originate from break down of the 
II sodium bisulfite impinger solution either because of improper storage 
of the sample, or unknown stack effluents trapped in the sample reacting 
with the sodium bisulfite. 

In addition all five G.M. samples for aldehydes showed when viewed from"; 
above a refraction pattern (oil slick) indicative of a high level of J 
organic material . 

III) RECOMMENDATIONS: 

A) Organic Acids 

It is obvious that there is considerable variation in the analytical 
results obtained for organic acid samples. It is our opinion that the 
variation is due to a variety of problems both with the sample and the 
method. It should be borne in mind that whenever duplicate analyses 
have been carried out within one day, either on samples or acetic acid 
recovery standards, there has been close agreement between the duplicates. 



it 



TABLE III 




TOTAL ALDEHYDES IN If SODIUM BISULFITE 
IMPIN6ER SOLUTION NOV. 28/77 






Sample Designation 


Sam pi 


ing Date 


Appearance 


Total Sample 
Volume (mis) 


Average volume 
of Q.OOStQ H 
Iodine required 
(mis) 


Total 
Aldehydes 
in sample 
(mg) 


GM-03-AP-002 
GM-ELPO 

StacK #03 - ACK 
Aldehyde #1 


Nov. 


15/77 


Clear and 

colourless 


595 


0.375 (2) " 

a . % ' 


14,3 *' 


GM-01 -AD-004 

GM-ELPO 
StacK #01 -flF 
Aldehyde $2 


Nov, 


16/77 


Clear and 
colourless 


545 


0.265 (2) 


t 
f *> 

8.47 <" 


GM-02-AD-005 
GM-ELPO 

stacH; mz-m 

Aldehyde 


Nov. 


17/77 


Clear and 
colourless 


625 


0.835 (2) 

O 7 7 


37.4 H1 


GM-O4-AD-007 

GM-ELPO 

StacK 004-Reflow WB 


Nov. 


17/77 


Clear and 
yellowish tint. 


450 


- 


- 


GM-Q3-AD-009 
GM-ELPO 
StacHs 103-ACK 
Aldehyde §2 


Nov. 


17/77 


Cloudy and 
yellowish tint 


720 


0.610 (4) 


30.5 ' 


Blank, 

None Suppl led. 


Nov. 


28/77 




— 
• 


0.065 
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I .l> U*. 



1 



A) Cont'd ,i^>^^V^ r 1 

The samples were not refrigerated immediately after collection as 
previously rpr nmmpnriPfl The suggestions made in the previous report 
were made to reduce sample degradation and to provide undegraded 
samples so that the time course of sample degradation could be foll- 
owed. Aldehydes present in the same stack effluent could be trapped 
in the 5% NaQH impinger solution and oxidized to the corresponding 
carboxylic acids. This reaction takes place under chemically mild 
room temperature conditions 1 . Loss of volatile sample could occur 
both in the sample bottle into, the head space and, thence to the 
room atmosphere by leakage or when the bottle is opened and when the 
sample is being analyzed on the bench. 

Verification of linearity and recovery of the assay procedure has been 
limited to acetic acid. The wide variety or organic acids possible 
suggests that the methodology be proven for the major suspected organic 
acids whether it be long chain fatty acids from cooking hamburgers or 
aromatic acids from the drying of automotive paints. The stability of 
these major components should be evaluated by spiking into 5% NaOH 
solution and actual samples. 

Knowledge of the solvents used in the paints and of the temperature, 
moisture, and other conditions in the drying oven area would be helpful 
in theorizing the possible organic acid products. For example, alcohols 
readily oxidize to aldehydes in the presence of oxygen and water under 
high temperature conditions 2 . Continued oxidation to carboxylic acids 
may occur. 

B) A1 dehydes 

Given the above example, knowledge of the alcohol content of the paints 
and solvents used would be a strong indication that the corresponding 
aldehyde would appear in the stack effluent. 
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B) Cont'd 

This as well suggests a potential method of analysis being the catal- 
ytic hydrogenation of the aldehydes back to the corresponding alcohols. 
The alcohol mixture could then be chromatographed using G.L.C. with 
high polarity carbowax and /or porous polymer columns, Identification 
by relative retention time and accurate quantitization should be possib- 
le. Such finger printing would be further proof as to identifying the 
source of odour production. 
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APPENDIX B 



ODOUR EVALUATION AND PARTICULATE EMISSION DETERMINATION 



Odour Evaluation : 

The Ontario Research Foundation (ORF) dynamic dilution 
olfactometer contains 6 chambers or cubicles and each cubicle con- 
tained 2 sniff ports, The odour sample is passed through one set 
of 6 of these ports while odourless air is passed through the 
other. The panelist sniffs both ports in his/her cubicle and if 
certain of the detection of odour, activates a switch which lights 
a light at the unit control panel, where the operator notes the 
panelist's response. This procedure is repeated over a range of 
dilutions from the one that none of the panelists could detect to 
the one that all panelists could detect. 

The ORF olfactometer is different from the IITRI dynamic 
triangle olfactometer in the foil owing ways: 

1. The IITRI olfactometer uses 3 sniff ports while the ORF olfacto- 
meter uses only 2 sniff ports. 

2. The ORF olfactometer is capable of varying its dilution ratios 
from 5:1 to 100,000:1, while the IITRI olfactometer has 6 fixed 
dilution ratios. 

3. The IITRI evaluation procedure is a "force choice 1 method, while 
the ORF evaluation procedure is not. 

4. The IITRI olfacotmeter evaluates each panelist individually; the 
ORF olfactometer evaluates all 6 panelists simultaneously. 

i. The ORF olfactometer is limited to employing 6 panelists for 
evaluation of an odour sample; the IITRI olfactoemter can use an 
unlimited number of panelists to evaluate an odour sample. 

ORF employs a graphical technique in determination of 
the odour threshold values (OTVs); although the graphical OTV 
determination procedure is a valid tool in determining OTVs, it is 



highly dependent on the analyst's placement of the curve. The 
error in curve fitting could affect the OTVs by ±20%, SAU 
redetermined the OTVs using the Linear Regression analytical 
technique. The SAU OTVs can be found on Table B-l, The SAU OTVs 
were found to be slightly higher than the ORF OTVs. 



TABLE 1-1 ODOUR THRESHOLD VALUES 



SAMPLE 
# 


STACK # 


PREDILUTION 

RATIO 


OTV* 

(o.u.**) 


1 


1 


None 


365 


2 


1 


None 


212 


3 


1 


4.7:1 


2304 


4 


1 


4,7:1 


1573 


1 


"Gary' 


None 


638 


2 


"Gary" 


None 


657 


3 


2 


4.7:1 


4468 


4 


t 


4.7:1 


4679 


1 


3 


None 


436 


2 


3 


None 


383 


3 


3 


4.7:11 


1428 


4 


3 


4.7:1 


3527 


1 


4 


None 


698 


2 


4 


None 


510 


3 


4 


3.3:1 


1557 


4 


4 


3.3:1 


T767 



* includes predilution factor 

** ou I one volume unit of the odourous gas diluted with x 

volume units of odourless air to reach the panel odour 
threshold value at which 50% of the panelists would 
not detect an odour. By convention, volume units are 
measured in cubic feet of gases. 
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SHERIDAN PAR< RESEARCH COMMUNITY 

MISSISSAUGA, ONTAR 0, CANADA L5K 1 B3 « (416) 822-41 1 1 , TELEX 06-98231 1 



September 25, 1979. 



Hr. Gary Wong, 

IDA Section, 

Air Resources Branch, 

Ministry of the Environment, 

880 Bay Street, 4th Floor, 

Toronto , Ontario . 

M5S 1Z8 

Dear Gary: 

Enclosed are the copies of the data sheets for the odour testing 
done for our report APS-79-23. 

As to your questions concerning the differences between the IITRI 
dynamic triangle olfactometer, and the dilution system used in our lab, they 
may be summarized as follows: 

1. IITRI tests each member separately, we test all panel 
members at the same time. 

2. IITRI uses 3 ports, we use 2. 

3. IITRI method is a "forced choice", our method is not, 

4. IITRI has six fixed dilutions, our method may use any 
number of dilutions, and any dilution from 5X to 
100,000X. 

In our system, there is one panelist in each of six cubicles. 
Each cubicle has two "sniff ports", with a push-button below each port %j| 

that will switch on a light on the operator f s control panel. The operator . V 
starts a highly diluted odour sample through either the left-hand or * / 

right-hand ports, and the panelists must decide which port carries the mji ^ 
odorous air, If the panelist is sure that the odour is coming out of one \ . \ ' , 
of the ports, he pushes the button beneath that port* The operator records **^ ^c 

the responses of all the panelists at that dilution, then changes_j:li& *"""' " 

dilution, and may switch the odorous air to the opposite port .-""""fiiis ^o v 
process continues until dilutions have been made from one that none of the 
panelists could detect to one that all the panelists could detect, 

continued . . . . . 



Dr. Gary Wong (2) September 25, 1979. 



Inconsistencies in the responses are resolved (for example one panelist 
detecting the odour at 1000X but not at 800X) and the responses (I of 
panelists) are plotted versus dilution on log-probit graph paper, 

I hope that this explanation is adequate for your purposes. 
If it is not, please do not hesitate to call again. 



Ymirs^trul^, 

V 




(p/~ Michael Rix 

Assistant Research Scientist 
MR/sw Dept. of Environmental Chemistry 

Ends . 
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CUBICLES 



CAPILLARY 



ATTENUATOR 
SECTION. 




HEATED PRESSURE 
VESSEL 



TEDLAR BAG CONTAINING 
SAMPLE 



COMPRESSED 
AIR 



O.R.F DYNAMIC FLOW SYSTEM FOR EVALUATION OF ODOURS 



APS-7-^i 



ONTARIO RESEARCH FOUNDATION" 



Department of Environmental Chemistry 



ODOUR TEST PANEL 



Sample f <> 



{TUSvCJ. 



¥ 



Date 



Sa^AJl v>tJU H- ft • H - f ; o 2. A*n 

**ce cij_— *">" ffs_. 

Panel Member Response 



£ 



Test # ' Dilution 



# 


1 


^1 

ir 


2 


f 


3 


# 


S 


# 


5 


1 


6 




7 


# 


8 




9 


#1 






innfii a 



O. r 



*&_? X 



V^ 3 x 



nvi 



-/"J X 



*Q 






© 
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A 



A 

3a l ^ x ffl 
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B 
A 
B 



_Fr> TO - 34r./^> 



e P j 



_r -7T3.F3 



^D ?_* ' -^.^2 
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4 "9 

V -■ 
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£5 


,m 
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ODOUR TEST PANEL 



Sample jg ?_ %€tw^cjl g£ | 



IvCirtjh' 



iks^ &vCfi^? ffw 



Panel Member Response 



Date 



— i — j — * — t - 



Test # ' Dilution 



W 1 



# 3 



# 4 

# 5 



1 


6 


,# 7 


f 


8 


if 


9 


#10 



^/r x 



B 
A 



t) »| 



#1 ,, #2, #3 #4 jj , jg> ' No, ©f Corrs 



A 

100 x (9 

A 



*H x 



A 
L^ X ® 

A 
X B 

A 

A B 

A 

X B 



Xf 



ct Pos. 



3 67' 4$ 



f7 



V 



e^^ ,gj 



1 A 



^J I v/ 



P c l2 t 0£ 



J 



/■■ / 



! i / 



i£ 1 v// 



/I / 



v/ 
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v/ 



vy 
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— 7- 
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%J \ / 
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/i / 
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rj 
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ODOUR TEST PANEL 



1 3D 



Sample g S _<§z?wug. # f 






'Panel Member Response 



Date lLiL< ^/f 7^ 



(/ / 



Test # ' Dilution 



# 1 
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• 


' 


1 / 


l7«" 


■ 






(' / V *|£4ff4,fc'7f 


. 


■ 


s/ 


\S 1 ^ \^%04,Dl 


SB 


1 






I 1 






< i • 




I 


.-■j 










1 /I - 1 


■ 








y 


I 


^ ^iou.oj 


^CVd 






1 * .~ — - 








L— - ~j- yy 




/ 


1 


/ / 1 


40- i 


I 


^ 


! 

— ■ — i 


J 


— ■ _ _ 


L. kjes£ 




f 


1 1 




>\ 






- 


J/ 


/ 


vj- 


1 


ePSOW.oJ 


6O 




*w* 


1 ^ 


w'' 


*j 1 titoAi\ 


'^"7 f 


■ 




1 1 


\ 

- 


) 1 1 




^/ 


- 


v/l 


J 1 ^ /imM 




. 


/ 


/ 


^ 




■ — tgL^L 






y 


V 


\j 


l/ 1 /PS.il 


# 3 * 


i 


- 




/ 


1 . 


. gfaj 


U 


\J 


•j 1 


x| 


V 


* \~99l.*$ 


/Od) * 


. 


U 







fij, s - 64.07 

r L = 0.77 

Su.jf - <? li"- I? 
So = €47. s 7 
5, s 13, U& 



,10 IE Aft -??-« 



ONTARIO RESEARCH FOUNDATION 

Departnent of Environmental Chemistry 

« 

ODOUR TEST FASEL 



Sample ^J4 Sm^ct & I 
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.# 


7 


i 


8 


# 


9 


#10 



Dilution 




#1 . ., #2 . #3. 
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Particulate Emission Determination : 

Particulate (aerosol) emission measurements were conducted 
in conjunction with the total aldehydes and organic acids emission 
measurements. The detailed procedure and a brief description of the 
sampling train are given below, 

A schematic of the EPA method 5 sampling train is shown 
in Figure B-l , The stack gas is withdrawn isokinetieally from the 
stack via a goose-neck nozzle and through a heated probe (to prevent 
condensation) to the heated hot box. The hot box (usually main- 
tained at 135°C) contained a filter holder and a preconditioned and 
preweighted glass fibre filter (sometimes preceeded by a cyclone) to 
capture the particulates. Following filtration, the stack gas 
passes through a series of four impingers immersed in an ice bath. 
Their purpose is to remove moisture by condensation. This permits 
the determination of stack gas moisture content and also protects 
downstream components from excess moisture. Normally the first and 
second impingers contain distilled water (150 ml each), the third 
is empty and the fourth contains 200 g of silica gel * However, in 
this case the first two impingers each contain 150 ml of either 
5% NaOH or 1% teHS0| for the measurements of organic acids or total 
aldehydes, depending on the pollutants measured. The filtered and 
dried stack gas is drawn through the umbilical cord to the module. 

The contol module consists of a leak free pump with a 
by-pass valve, a dry gas meter and a temperature monitoring system. 
The temperature monitoring system measures the temperatures of the 
stack gas, the probe, the oven, the impinger outlet and the dry 
gas meter inlet and outlet. The controls for the probe and hot box 
heaters are also incorporated in the control module. 

Isokinetic sampling is maintained by relating the sampling 
rates, shown by an orifice meter, to the stack gas velocities. I 
mathematical relationship is established by a set of preliminary 



tests in which the stack gas moisture « stack gas molecular weight 
and stack gas temperature are determined. Stack gas velocities are 
continually measured with a calibrated pi tat tube, and the sample 
flow rates are continually adjusted to be maintained at 100 +10%, 

During the tests, the stack or duct is sampled at a pre- 
scribed number of sampling points, on two traverses (90° apart). 
In this way, a representative sample is obtained. 

The sample recovery is deviated from the Ontario Source 
Testing Code procedure. The probe, filter housing, impinger 
connectors and tmpingers are rinsed with either 5% NaOH or 1% NaHSO^ 
depending on the pollutants measured. All washings are added to 
the impinger solution for the analyses of either organic acids or 
total aldehydes. The filter is recovered and placed in a prenumbered 
petri dish and transported to the SAU laboratory for weight 
determination. 

The glass fibre filters are preconditioned by desicating 
at 2 1 . 1 ° C for 24 hours. The filters are then weighed to the nearest 
0.5 mg with a Sartorius balance in an air conditioned room and 
placed in a numbered petri dish. The spent filters are desicated 
at 21, 1°C for 24 hours and the weight gains are measured on the 
same Sartorius balance. The weight differentials are recorded and 
the particulate concentrations and emission rates are calculated 
according to the equation outlined in the Ontario Source Testing 
Code. 
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*f Sc* . rf :l j 


6, 66 


3.68 


4.0 


12 


2, 90 


. 


, 806 


1 1 9 .» 00 


4&.0 


51.0 


4 9, 


.5 


22»2 » 22 


0,00 


3. 70 


4 . 


13 


5,00 


&., 


. & 40 


127, Of' 


Si. 6 


52. a 


J 3 • 





235. 99 


ceo 


3. 62 


4.0 


14 


3. 10 


0, 


*4.U 


12' . 00 


49.0 


52.0 


50, 


5 


229.62 


fli , 60 


3, 94 


4,0 


13 


3. 10 


0. 


„ ?4'& 


1 25 . 00 


*§. i 


53. & 


S3, 


B 


24 3. 7 i 


6 . 06 


3 . 99 


4.0 


l© 


&»i#~ 


0. 


, 94 


1 2 i , 00 


50,0 


53. O 


5! . 


•j 


24 7. 75 

251.71 


0.00 


3.9? 


4.0 



AVER, 3.42 0.9C 12.'. 31 49.4 51.4 5m. 4 4.64 

STAC* u.ni ffE£i*W*\E i R&AF- 29.12 IN HQ 

P STfiT= 0.B2 II! HC 0.2~ IH H20 

F' £TftCl-:- 29. H IN MPS 

STAC* GAS HQiiluf-E.- :.92 WATER VOLUME IH I.fJf ltJSt^'> 14.76 ML 

WATER VOLUME IN EILJCh GEL* 12,60 HL 
MOISTURE VOLIME affilli. = 1.29 SCiF 

MOISTURE FRACTIONS BMO = 0.02 

SATURATION MOISTURE: 14.55 

RELATIVE HUM] Ii j I.'! 12.23 

SftilfLIHG TIME'S 64.66 

SAMPLE VOLUME : 65.54 

STAlk GAS COMPOSITION :.C02= 6.00 ".02= 21.00 J;C0- 0.00 

yCf* 79,00 ; ; ;S02- 6,00 

STAC1' GAS I10lE.:ULAR WEIGHT: PRY MH-lMD 28.84 

MET MU-HW= 28. 03 
*:;EXC. flIP=- 14583. 33 

TRAIN L-.HFONEHIS SPftP PITOT COEFFICIENT CV= O..8120 

iHOZZLE BlhMETEf = 0.2560 INCHES 
METER CORR, FACTOR = 1 . 0000 

STAC! MMENSlUili: DIAMETER* 12.060 INCHES_0.660 INCHES 

AREA * 6.785 SOFT 

PRODiU.TIOH RATE '- 4 . 66 TRUCK GOBIES-'ftl 

i isw'jhcti: 

PftPf... 

1 

2 
3 

4 
5 



10 

Ik, 

12 

13 

14 

15 

lb 



DH 


DP 


TS 




HGMV 


tfiifi 


", . 


H20 


H20 


iff 


f T |< E L 


FT3 


FTS^-Mlil 




.. &>'i 


1, Ifi 


.133. C 


CI . 2 


5.65 


1 . %> 


121. 55 


;, 20 


1.10 


132.0 


•". , . 2 


i.st 


O.9.- 


■'90,7.1. 


.40 


1.16 


131. £> 


:' ... . 2 


4 , 80 


1.61 


56.64 


' . £0 


1. 10 


130.0 


r £ ,» J 


4 . 20 


1 . 05 


99.89 


:,80 


1. 10 


1 il . 


c - , A 


4.31 


1. . Oi 


|SJ*iT 




V"- 


■ '••" .. • 


■- - 


n m 


* ' .... . 


_. ' ' . .-,;_ 




i .Okt 

1 . 1© 


1 tt. 11 

1 £5 ,„ 




•% ... i." 9 
4. if 


a . UiT* 
3 .03 


1 me* Mm 
97.21 


0'. 62 


1 29 . 


5i' . 7 


3..tS2 


0.90 


99. 54 


;. ©■;< 

; . 00 
i'.90 
I.O'O 

h 10 

i« is 

i. 16 


0.84 
O , ©6 


1.28.0 
119.6 


£ ■' " I 


3,08 


©„9J 
0.92 


99.41 

97,95 


&.8b 
6 , 94 


119,0 
127. 0' 


m ■ # 


3. 76 

3,83 


0.9- 
. 90 


100.21 

9S.02 


0,94 

0.94 
6.94 


125,0 
125.0 
125.0 


56 • 3 

5&.3 


3.94 
3.99 
3. 9? 


6.98 

1.00 

0. ft 


100. €6 
101.69 

iei,.3| 



Pkttiftft, t i m Rn'ft : 



POJtli 



3 

9 
16 
11 
12 

13 

14 
15 
16 



m 

H20 

6.00 
3, 2D 

3.40' 
3.60' 
3.&3 

- . »Ci 

3, 70' 

3,50 

£.60 
2.80 

2.90 

3. a? 

3,10 

3.10 
3.10 



4. tiu TiftUCi. £■:■!. It •' I'll 

*. I:i-I-JHLTI 

11 



flip 

H20 
1.10 

1. 1© 

1.10 
1. 10 

i. ie 

1 -*nrt 

i . oy 
i.li 

e. 82 

0.S4 

0,86 

B,m 

0.94 
0. 94 
0.94 
0.94 



133,6 
132.0 
131.0 

130.0 

t ii . i» 

ISC. t- 

126. fc 
123.0 

129.0 
12S.i 
119.0' 
119.0 
127.0 
125.0 
125. 'i 
1,26.6 



V * 


li",M". 


IiGil- 




Sli 


F13 


FTi'iU'H 




£ 1 , 3 


5.6? 


l._. 


U1.99 


■s I * » 


3,ec- 


0. 9S 


-a. 7i 


Tl.3 


4.06 


J.,:; 


9C.64 


"■i . I 


4,30 


1 . 05 


?>»*! 


1 1 . 4 


4 . J 1 


1 . ill 




SO."'* 


4 . _ « 
4,12 




ir.Ii 




3.62 


a, 90 


99.54 


5 •'» 


3.6C 


6.91 


99.41 




3.6S 


0.92 


97.95 


; .-. 


3.76 


0.94 


ida. 2t 


56. , 


3. S3 


8,96 


93.02 


So. 3 


3.94 


O.if. 


10-3. 66 


St.. i 


3.99 


i . ia 


101.89 


56.3 


3,3? 


ft, ft 


101.32 



SUMMARY OF EMISSION TESTS 



COMPANY'S GENERAL MOTORS 
LOCATION! FEFLO'M §4 STACK 
CITY: OSHAhA 



TEST I IniiTE: TEST HI »NoV. 17/77. 

Tftfl REPORT*: 

BiiTE REPORT REC'Dl 

CONSULTANT REPORT |i 



EM I SS 1 OH COHPOUE! I T : PART I CULfiTE I 



IMPRIHGER EXCLUDED'; 



GAS GAS 
VELOCITY TEMP. 



EPS 

57.6 

MPS 
17.6 



127. 3 



C 
53.0 



CAS GAS EMISSION CONCENTRfiT. 

MO IS. FLOW RATE 

5; DSCFM LB---HR GRAFTS 

1.92 2339.16 2.i65£-o2 1.030E-O3 

1 DS'CHM CM '''SEC Gt'KMj 

1.92 66.22 2.602E-O3 2.35SE-03 



EMISSION 

FACTOR. 

LB^TRUCtC 60JIES 
5. I62f-'i'3 

KfrTOJCl. 101-12- 
2.3421-01 



EH I SS 1 ON COMPONENT i PART I CULflTES ( 1 I1RR 1 NGERS I NC UBEffl J 


EMISSION 
RATE 


CONCENTRAT. 


EMISSION 
FACTOR 


LB/iHR 
2..065E-62 


GR/FT3 
1.6301-03 


LB.'TRUCK tCilu.1, 

5. 162E-03 


ovtte 

2.682E-03 


GI/M-3 

2. 356E-03 


KG-- TRUCK mWiMZ- 
2.342E-e3 


COMPONENT DISTRIBUTION IN SAMPLING TRAIN 




PROBE CYCLONE 


PILIU IW 


DINGERS TuiTiFiL 


PARTICULATES OlG> i,i«o fc&i'iS 
". OF TOTAL PART '0.0000 6.0800 


4.4u00 
100.0060 


e oioo 4... .-I*.; 
0,0000 iitu,u._.v».> 


ISOKINETIC ie. SAMPLING DATA SUMMARY 





AVERAGE 
"ISOKINETICS 
101 .,4 9 



SAMPLING 

Mid. 
64.00 



•.hMPLE VOLUME 

". sen ■ 

1 . 8:3 



WITIUN ACCEF»LI7Y 
READINGS SUi. ISO SUPER ISO HON. .ISO' ISO FACTO* 



16 



ISO 
15 



null I if" 

1 



s»4 95= ISO- iU» WiLL U'.frj'., 

*s ss.'is.i.i is well u:~.t~ ... 



Oyer a -or 




Run Ho. jl J^i^rtf 
S&sg&J Box Ho. _hJ±k. 
Control Modulo Ko.^ — 1^_ 

lie tar WW J ■' - — - 

C Factor ^JlJUZl 



V) 



O 
U 



o 

O 

ci 

w 
w 
o 
u 
o 



Heater Box Setting (°F). 25^- 
Probe Length (in.)« — £z- 

Mozzlo Diameter ( in • } • 
Nozzle Area (Sq. IrttJ* 
STrtTiC- P«***At?a 



.2.< 






10 



^ 



til 



\L 



<*X- 



r:-c.vc*rae iSumpii ng 



I Velocity 
' Head • 



Velocity. 



TSWTaSr das 



urTlce 
Pressure 

DIff. 



Sample 



XSay "'i'omporaxurc 

At Bry Sa^ Meter 

1XS"C 



uutiex 

(Tm out) 
o 



"So:; pie 
Box 

Tcnp t 

op 



Prsbe 
Tcr,?. 



h 




■ i-f-vn i_\_, f _f_ 



JC 



LOCATION ^feA 'C.lLo ftd.ftj 
^7) -* 2 



OPERATORS 

ANALYST ' 



MOISTURE DATA ' 



1- 



IMPINGER # 1 



IMPINGER i 2 



IMPINGER # 3 



IMPINGER 



FINAL WEIGHT 
(gnu) 



tjgy 



s^r 



-!L£f.* 



Tlo • f 



4/ *6 



TARE WEIGHT 
(am.) 



k?_T*"?» 



<p 



£ % t f? 



^o 9 ^/ 



~~72 jT. / 



TOTAL 



MOISTURE VOLUME 



WEIGHT OF 
MOISTURE 
f om. } 

6.f 



6 • Ci> 



/■ a 



/fc 



X 



t_»j j • ^^ 



ml. 



PARTICULATE DATA 



FILTER fa) 



BEAKER WITH (PROBE - 
NOZZLE -■ G¥&Ca S) 
WASHINGS 



CYCLONE FLASK 



BEAKER WITH (IMPINGER 
FILTER-HOLDER) 

CONTENTS AND WASHINGS 



FINAL WEIGHT 

fjgjL I 



■ 



. 40£^ 



TARE WEIGHT 
(qm.l 



&.<so* y 



TOTAL fnn) 



PARTICULATES IN (mg.) 






a*/ 



j i 



WEIGHT OF 
PARTICULATE fnm ) 



i *OQ<S 



£J 



HA 

151 



hi MM :-i!l 



i if 



L '.. ,1 i \i. 

TEM. :..nU 



ll. 



■ :MC'- . 1 



HUIlLtf 
PT 



OF 1 F : 



:i-iEi 



1«H 



£' 


3.70 


9 


4 . 00 


lO 


4 . 50 


11 


4 . 20 


12 


4. 30 


1:3' 


] . 70 


14 


3 , 70 


is 


S . C O 



DP 


Tb 


TMI 


TNG 


T F. ■ "C 


H.TO 


' r 


'F 


'F 


'♦ 


■ _'>VU 


1 J 1.: . Ou 


4 1.0 


41,*:' 


4 , . ( 


, ' 11 u 


1 . r . §6 


'.'•:■, 1 


4 2 • 


4 t' . t 


. . i 1 O 


12C . t>0 


5C. 


4.2,0 


4 S . C 


. 100 


lit. f# 


60. 


4 3 . 


5 i . i 


. >.'0> 


1:7. u>"< 


CI' . 


4 HI . 


5 : , i' 


, I'i'if' 


] 1 1 . 00 


c"4. 


4 5 . 


5 J . r 


. <.iUU 


11 0. OO 


t" 4. 


4 6,0 


5 5 . L 


. hoO 


122 . oo 


C7.0 


57.6 


t £ . 6 


. _ && 


l-P . 09 


47.0 


4 5.0 


4 1" . 


. -.i'1'U 


127 . 00 


58 . 


4 5 . 


52. O 


. 2 G Cii 


1 38 . 00 


fc 2 , 


4 CO 


5 4 .. £ 


, j 6 >j 


128,00 


C 4 . 


4 6 . 


5 £ . 


. 350 


no. oo 


6 5 . 


4 7.0 




, -S'50 


IOC, 00 


55. 


4 7.0 


5 J . 


. "; 30 


1 1 ; . 00 


5 1 . 


4 C . f 


4 v, , i i 


. i.;.V 


II;.. 00 


57.0 


4C. 


'.' i . 5 



«I1 


'.'ll: LEhl -CH. 


UGH", 1 


FT .3 


OR TP.EHD 


FT 3 


:88.5l 


|| , fl 01 


4.20 


'92.7,1 


0. 60 


4,4? 


:9?. 11 


o , o i 


4,37 


■b 1 . 54 


0. oo 


4.5S 


•Ob. 1_ 


. OO 


4 , 45 


10. 57 


0. 00 


4,47 


3 5.04 


. 00 


4,35 


19. 39 


0. 00 


4 . 28 


23. 74 


323, i*? 


4. 39 


28. 1 3 


. 06 


4,45 


'■ ; 2. 58 


0, 00 


4.39 


BS. ■?? 


. 08 


4,42 


4 1 , 39 


. 00 


4 , 1 


45.49 


0. 00 


4 . OS 


49.57 


, 00 


4. 00 


5 3 . 5 7 


. 00 


3, 93 



357. 49 



T 1 ME 


Mill 


4 


U 1 


4 


.to 


4 





4 





4 





4 





4 





4 


1 


4 


6 


4 


6 


4 


O 


4 





4 





4. 


i^i 


4. 





4. 






A7EP 



llr.'fc" 



45. 



4 , 3 1 



>TfiC 



: thi: 



F'Fi 



Of I 



PBAP- 2**12 in n C 

f- it fit* u.o: in Hr&s 

h STflCK^ 29. 14 IN HG 



III H20i 



UF-jTEP VOLUME III ll1PlllGEFS= It". 80 
WATER VOLUME "It 3 1 Lit a GEL= 16,50 



MOISTURE VOL IK 11 


• Train 


= 1 . 58 


HOI STUPE FFfitTIO 


■M:UO 


s 0.02 



FiTljliRn"' lull HO: : TOPE: II ,81 
ELfiTIVE iHunil . T Y: IS . c 3 
ftMPL INC TIME. 1-1.60 



AMPLE "'OLUHE 
STACi CSS CO: it 



'■'0. 17 
,13 luli 



', Gil* , 00 
".H2= 7 9.00 



",02= '& \ . GO 
";'302 s 0.00 



.1.0:= 0. 30 



ST AC I" GAS MOlE-IULi-iR HEIGHT 



TFhli'i i 

stoCj : 

PRO'DtM ' 

POIHT 

I 

1 
4 



10 

II 

12 
13 
14 
15 
to 



ii-iFOi,; 



- PECS 



HL 
HL 

>CF 



H20 



4 . «l!«-J 

- 01' 
■ . fail 

: . ?e 
4 , oo 

4 , 50 

4 . 20 

4 . 30 

: . 70 
■4 . 70 
2 . tJ0 

:-. . so 



I..PV MW-MI" 28. S4 
WIT NM-HU= 28. CO 
■'.E:!C. fllP = - 1456-3. 33 

PII.-'m COEFFICIENT C : -< h = O.SlOO 

IICC2LE D IOMETER = 0. 2500 INCHES 
M E T E P 1 F P . FA C 1 P = 1 . 



ritliHETEP* li.Oud 
ftft.BR = O.i 



u TFUliM 


BODIES -Mil 




", isoi'iNEm: 


iff 


is 


H20 


' F F I " 


1 . Ifi 


120,0 i 


1 . 20 


119.0 i 


1 . 20 


120,0 = 


1 . 20 


12O.0 C 


1 . 1 


117,8 i 


1 . .JU 


1 20 . I J 


, . 00 


122', 6 '. 


1 . 20 


1 2€- , c 


1 , 2© 


127.0 c 


i . m 


138.0 k 


1,20 


128., 6 c 


0. 85 


110.6 t 


O. 85 


iocs ; 


, 8 3 


113. t 


, 8 3 


113.0 ; 



HC.-HES 0,000 INC 
SOFT 



DGtl'" 
FT 3 

4.^0 

4.47 
4.37 
4 . 51; 

4.45 



CO. 3 



4,1 



4. 35 

4.28 
4 . 39 

4.45 
4,2? 
4.42 

' , 10 

4 . 0.8 
4 . 00 
3 .93 



FT3 



ll G ML! 

M1H 
1 . 05 

i. is 

t . §9 
1.14 
1.11 

1 .09 
1.07 

1. 10 

1.11 

1, 10 

1.1! 
1 . 03 
1 , 1.1 

I . 00 

0.98 



9? 


04 


162 


31 


99 


11 


103 


© C 


104 


r J 


• r v'' 


* 


I07 


08 


104 


t*o 


101 


13 


101 


34 


1 00 


51 


1 00 


^? 


1 08 


'": :- i 


108 


40 


108 


71 


ISi 


IS 



fe, rlr'fcri " •'t'i.'jj ii-.n 

* -PRODUCTION RATE : 4,60 TRUCK BODIES MI 

', i S0:i ' i iheY i c 

POINT DH HP II 'It 

H20 H20 ' F Fr-SEt 

3. SO 1. 2& 128. 9 1*3.2 4.2*0 1.05 97, ©4 

4.00 1.20 119. 63. 1 4.4, 1.12 182,31 

3 2.1 . S3 .5 4 . "■? l . u 3 99 ', -i 3 

'. 10.0 oJiiS 4.5- 1.14 10 3. 6 c. 

11**, 6 eil.3 4.4 e - 1.11 164. 



3 


4. 00 


4 


4.00 


5 


4. t'O 


if 


?•'""' 


7 


3 . S 


3 




9 


4.00 


10 


4. SO 


11 


4 . 2 ■_'■ 


12 


* . >•-' 


l ■> 




i ^ 




14 


\ . 7 


1 C 




I .' 


; . t. 


16 


3. 50 



up 




H2 


0' 


1. 


20 


1. 


20 


1 , 


20 


1. 


20 


l . 


10 



120.0 57.7 J .3f. |«U'f 107.83 

122,0 57.5 4.2S 1,07 104.22 

1 . 20 1 25. 1 S3, 5 . 4.3"? 1.10 101.13 

101.34 

tlli § £4,1 i . < r j . 1 1 00 . 5 i 

ii3.o &%,£ ' . :i i , : i iuiO.27 

I 52. 7 Is 1 .03 108.38 

106.6 52.5 -i u3 1,02 189**1 

i 1 " . 5 2 . 2 - , ■-• 1 . ft® 1 OS . 7 1 

1 .' 3 . 52.2 ;• . ''* : o .. W 1 a S , 15 



SUMMARY OF EMISSION TESTS 



OGN. 




ii'Gfll: 


FT 3 


FT 


iV- |-1 1 1 


4 . m 




1,05 


4.4." 




1. 12 


4 . IT 




1 ,03 


4 . 5 ■_' 




1 . 1 4 


4.4 C . 




l.ll 


4 . 35 




1 1, u '5* 


4.2:3 




1.07 


J, 3? 




1,10 


4.45 




1.11 


i . ■'■ r 




i . 10 

J 1 1 


i ■-: 




1 . 03 


i u 3 




1 , 02 


" , •-• 




1 , Of 



COMPANY: CEHERmL MOTORS TEST & IftTli TEST *2.!tnV.i; 

LOCATION: F.EFLOM i4 STACK TDA REPORT* : 

CITY: OSHAHA DATE REPORT REC'B: 

.CONSULTANT REPORT ii 



EMISSION COMPONENT PARTICULATES •"' INFRINGER EXCLUDED.* 

CAS CAS EMISSION CONCENTRAT. EHIS-IIDN 

flOIS. FLOW RATE FACTOR 

ISCKH LB. HR GFvFTI LB- TRUCK .■ [>,' L. 

£.26 24S7.-.89 2.52"E-02 1.210E-0;- 6.318E-03 

■ . D I C N M Ci fl ' 1 E L G II ■- 1-1 3 (b •" T P U € Y . 6 U L« , '. 

2.20 68.99 3.1S4I-03 2.768E-0;. 2. 366E-03 

EMISSION COMPONENT 'PARTICULATES i INFRINGERS 1hC1.mI.EIm 

EMISSION COHCENTRAT. E'MISSIOll 

RATE FACTOR 

LB.'HR GP--FT3 LB- TRUCK i'JJ&SEJ 

2.5271-02 1.210E-03 6.318E-Q3 

GM-'SEC GM-.-T13 t G TRUCK "'L>. 

3,1841-83 2.763E-62 2. 866E-03 



GAS 

VELOCITY 


GAS 
TEMP 


FRS 

59.4 


'F 
11?. 


MPS 

IS. 1 


• - 
4S„: 







COMPONENT DISTRIBUTION IN SAMPLING TRAIN 

PROBE C'tftLfllti KILTER I. I- ' NCERS fifri 

PARTICULATES •• MCT- 0.0 '"'00 f\,. iw|#fii 5,5000 . . i'iuCim 

'. OF TOTAL PART fl.OCOf? 0,0006 i 60' ..6060 .;,i,itjfty i 

ISOKINETIC £ Sn.lrLIHC BAT A SUMNAP'. 

AVERAGE -.-.flMPLIHG .-..Ml-'LL '.'uLUME 

".ISOKINETICS 1 1 in. '-son. 

103. S+5 t.4. 00 1 , f§ 

;.UITNill AC CEP' l : ■'. 
P £ A D It I G S S U 6 . I % S « J P E R ISO II » 1 . J : ' "< .1 1 F A • " ' f , .1 

16 1 I 100 fl [■,'- > Li tL '. i :.. :« 

ISO UOhl-:0 

i 5 ft . I *JS ."'t i • . - ii.- . . 



Ouera-or 



tmm -o&^tvc^ - n«>« 



Run No 



3MdMJ^2 



Sarvjls Box Kot 

Control Module No« 

He tar (a3«) 
C Fas tor 



.3 -Adfcumcd Kofcturs {>*• . 

t> Heater Box Setting (°P). 2^ 
w Probe Length (irw}# (&' 

Nozzle Diameter (in»)V 

u Nozzle Area (Sq# ift«ji 

o 




onMruez 



PLANT 



Ql4 &-Po 



DATE NCi'. tl 111 



LOCATION ^Vutlir Ol— AC Jc 

TEST fi/ h/^M^f CV~ ^r% 



OPERATORS, 
ANALYST " 



MOISTURE DATA 



z4~ 





FINAL WEIGHT 
(gm.) 


TARE. WEIGHT 
( crm. ) 


WEIGHT OF 
MOISTURE 

fflH.1 


IMPINGER i 1 


^T4.4 


\^» >s^ L/ • ■ 


- % • 1 


IMPINGER #2 | 4? l«f 


4i 6-^ 


2.1-1 


- IMPINGER #3 J 5*f 0. "7 


ros. f 


o-'To 


IMPINGER # 4 


(s* f f % fc5? 


d M. 1 


7-gtf 




TOTAL 


^.6-10 


■ 


MOISTURE VOLUME 


ml . 



ffc-S E^ 



PARTICULATE DATA 



FILTER A\l 



BEAKER WITH (PROBE - 
NOZZLE - CYCLONE) 
WASHINGS 



CYCLONE FLASK 



FINAL WEIGHT 
(qm.) 



. 40t & 



BEAKER WITH (IMPINGER 
FILTER-HOLDER) 

CONTENTS AND WASHINGS 



VO fiu^Ufc— * ^v^^-p' 



Si 



T^i 2_-e> 



TARE WEIGHT ' WEIGHT OF 



(am.) 



Q.4- O ^L 



PARTICULATES IN (ng.) 



PARTICULATE Com. ) 



e> . DOO^ 



0-4 



c n 



h ' j ci.: ui 
! W\ f ; : i 



I1CIL' 



I IF IV. I 



MUMbEf ci- TP 



,L,i 



F'T 


I.ri 




tip 


1 5. 


TMI 


] mo 


Tfi 


% 


"■•l ) 


V'l'H l£mi -ch. 


IiGHV 


T 1 ME 




HZv 




i20 


*F 


»F 


>F 


*F 




ft;: 


OR f F;. EHD 


FT3 


HIM 


1 


- * I- 2' 


i 


" ■ i V 


325, 00 


41.6 


4 6 , 6 


4 


| 


ts4.|j 


0.. 06 


2.24 


4, 6 


2 


; . 50 





3 1 6 


324, 0.3 


4 2 . 


42*0 


4 2 


c 


254. 0- 


O . 


2.42 


4,0 


3 


i * 55 


c 


4."iJ 


32 1 , GO 


43. G 


43.6 


4 3 





256.'^" 


U . 00 


i.' •. 3 7 


4. 


4 


1 . 66 





5 


321 . 96 


43.U 


45.0 


4 4 


IJ 


253. i '.'■ 


, 


2.45 


4 . 6 


e 


1 . 30 







323, 00 


44.0 


4 8 . O 


4 6. 


y 


261.2'" 


. 00 




4,0 


6 


! . 1!> 


u 


4 ':■ u 


322.80 


44 . i 


56 . 6 


4 " 


t< 


263. 6 6 


IJ . 00 




4.G 


7 


i . -t i 





435 


32 1 . 00 


4 5 . 


52. O 


™t V 


5 


265.39 


0. 00 


£ . 35 


4. 6 


t.» 


1 . 36 


6 


4 I 'J 


216. 00 


45.0 


53. C> 


49 


0' 


168. 34 


0. 00 


2, 35 


4.0 


9 


i , *| 


6 


520 


322, 60 


4 5 , 6 


56.0 


50 


5 


2 7 . 6 3 


270, C* 


2.46 


4.6 


I0 


i . 56 


ij 


520 


3 23.0 


45.6 


56,6 


56 


r 


273 , JO 


0. 06 


2.47 


4.0 


11 


1 , 50' 





4'4ij 


320 . 00 


45.0 


57,0 


51 





275. 5 T 


0, 00 


2,51 


4.0 


1 3 


1 . 4 13 





4 78 


322.00 


M.I 


58. 3 


5L', 





270., Oft 


. 00 


2.43 


4,0 


13 


1 . 4# 


6 


466 


320. 06 


46.6 


5 •-• , u 


52 


U 


230. 5 1 


U . .0 6 


2.49 


4.0 


14 


1 . 36 


6 


4 D 


32 1 . 00 


46.0 


5 9 . 


52. 


5 


23 3. 00 


, J 


2.45 


4.0 


15 


1 . 30 





4 1 


31 9, 60 


47.G 


60 , 


5 3 , 


5 


235. 4 5 


, O 


2,41 


4.0 


1 c 


1 . 1'O 





4 1 6 


322, 00 


4-4.1 


60,0 


53 . 


fi 


237'. 36 


O. '00 


k. 3@. 


4 , 



<U. 1- 



iVER. 1 



',, 4 7 



321 



44 . 



12.3 4S. 4 



ilht.l 5i.' flu 1 ■ 



STACt bhS RfiE?3u'E : PSFiR= 29.12 3H HG, 

P 3ThT» 0.6, i ]H HG> 6.14 IN. H26 

P 3TttCt' = 29, 13 IN HG. 

--'■ 3. u7 MPTER VOLUME its 1 MP I.!lGEk'-.= J 8. 30 Mi 

llhlE-R VOLUME I'M 31 LI Of. 6EL= 7.30 ML 

I'lO.IifURE VuLUTTE ■ ' T F' R 1 1 f • * 1.34 t.CF 

MO I STUPE FftflCT I OH , BUS * o . 03 

SfiTURA"' ..-'M MOISTURE.: 636,87 

RELATIVE HUH I I-iI TV J 0.4S 

'SAMPLING TIME: 64.86 

SAMPLE VOLUME : 39. 05 

■£Tfi6k GAS C0MP03IT I OH "»C0.2"= O.OO \(j2= 21.60 ",C 0= 0.00 

": H 2 - 7 9 , 00. '■, 3 f 1 2 - 6' ,. 6 !, ' 

STACK OAt HOLE. 'm.p3' WEIGHT: DRV MW-ML >i... :':4 

WET MW-MN- 20,51 
'.E:;-;C. h!R=-145S3. 33 

TRhIM COMPONENTS, SPECS* PIT 01 C0EFF1C J EM'.I CV- 0,31.' 

NOZZLE DIhME" i = &<2'w INCHES 
METER CORP. !■■ • ■» :t f, - ; . OOUu 



STh'.'. 3! r.T. 

PRODU.. ' •■ '- 



".■iHME'Lp- 24.00U 
AREfi = 3. ■ 



.■•..' TRULT PS'THL^ Ui 



Mil 0, 
20P 1 



liUKES 



ROII.T 



Ti 



r 
s 

16 
1.1 

l£ 
13 
14 
15 
le 






=, ! 


314 


•J' 





4 3 


32 1 








50' 


32 1 


6' 





•^C 


323 


U 


O 


-i t. 


3^ — 


u 





44 


321 


o 





12. 


3 1 6 





u 

















r • 


3 i 3 





i.1 


4 9 


'3 i 


jj, 


i_ 


4" 


312 








44* 


510 


'I. 1 





4 6 


3-2? 


k 





•* i 


j; 1 -.I 


I. 





41 


»'_4 


V 



. 1 



M- ? 


3u 


i ui 


3 ? 


1 04 


49 


S£ 


61 


Y<i 


ci*-. 


103 


31 


:oi 


■i •»' 










; 0.; 


t- 3 


I07 


„ c 


102 


"t H 



WUDU-UI lUM KM It 



POIMT 

1 

3 

4 



10 

11 

1'3 



&h 
Hit 



I. 50 

a . 55 

1 , ?.i> 



1 . H •'} 

1 . 4'j 



fi»«™tKiBWl5 


fj 1J0I 


4 — - - 

IftET 


fcP 


ri 




HiO 


"F 




# . 5 1 






0.51 


tJ4 . C" 




IB « 4 f 


&3i . i 




0. 501 


32 1 . 




0i 4 hi" 


#23, O 




U» ft' 


J^L. V 




0, 44 


3Jt,S 




> : A 


315.0 





i . 1" 



I.C 



"tvl 

4'? 



43. 
44. 
4i, 



47, oi 



? r :. 






I 64 s 4 9 

I SI, 11 



t? 



;i.iniih.7.' 






co up hi' I;: ceiit 

LOCmTIuiIi! eu 
CI TVs OiHihi'lH 






. £..- I t i' nil ■ 

ri'h Kt-i ijk r '- ^ 

BftTl FEPi'JPi" r, 
COifliUL . BUT i'Lf- 



EJlI SS I ON CCMPOHtN 1 1 iPHIRT 1 CUiLhTt::- 



< 1 1 1 ,'->.: lttt*ER t 



GAS fift'5 Gfi| GriS E.!J:"ilOH i" OHC £H1 P .1 1 

VELOCITY TEMP. HOIS.. FLOW S/-XE 



FPS 'F 

4 o.I 321,4 



UPS *■ C 

1 4 , 1 1* y , ■•■ 



DSCFM Li. hi-: GR FT;; 

07 5557.33 P.^'SuE-mj: l.SSK-^V 



*, liLiil-l Qj*i :£f GH ii; 



Lr TRUCK B'.'-P 1 



:*, . ■-: '•*■ -i_,-l 



EH I SSI GM Cull- OME^'i « Phr 



Ell I - " 11:: ! 

Ri'tTi 


conr ei : T »-'hr 


, V..i"t ■-) 


GP ■ i 


$\ '..Ei 
* E - i 


» '. ' i 7 , '1 



CQMPOMEWT ...'S> 



PiiPTICULh ,'£■'..,. >ftQ) iJ.i' ■■ 

'. 0" TOTHL CrfP T i-t ,'>•!'. 



:n SFiHrLin^ ■.-• t: 

uIl FIJ. it ; .i 

n. '. .' i-'.'-i 

«.-■", ■ . '■• ' ' 



ISOKlHEflL 



: r|- f i Vrft ' I hinhiP 



rVvtRHbE 
'.IMIKlilt-'lCS 
101. '-2 



■viiif -Pl 1 rtG 
HIHi, 
o # . ij 0. 



■jLun> 



J.H'ITHIfl litCEf- - 
READING* ■;Ut.,lSO illFff ■"- f ...• N •' . i M i c -0 FfvVf 

H | .». '-5 



lc" 



Cuoraior ■ • [ • ■ • • ;-■■ — -«— 
Dote JlttJK 1^7 72 L~ 



Run r!o, Jt£tfCJ!l 

Sar.pl 2 Box Ho. 

Control Modulo Koi 

lie tar falU) _ ^.L 

C Factor ,< ff lx>! 



c H 

O 

D 
«H 

■*■> 

£ 
m 

A 

a 
w 



& Acuumc#I.!oitstur# {>{). #2 ^ 



1 Heater Box Setting {°?}i %5E 



c/j Probe Length (in,). gk 

Nozzle Diameter (in.)/ 



o 
o 



jA- 



Nozzle Area (Sq t inijt 



.11 
2i' 



•ol 



i rcVs rue 



Sampling I Stack 

Time Temp 
. (0) 



Velocity 
" Ilea 4 • 



Velocity. 

(Ft. /sec) 

i 



Grfice" Gas . f'Ga.a Tempo raxure 



Pressure 
Diff • 
(ill J 



Sample 

Yoliiriie 

(Via) 



At Dry (iau Meter 



[Tin in,) 



outiex 
(Tm out) 




bui* pie 

Box 
Temp # 

QV 



Probe * 

- Tc-p, 'J 






LOCATION St^ U <\3 
TEST A |£1 g [3 ..rlvo" jfej . 



t 



DATE A: ,)£&/!? _ ' 

/ 
OPERATORSj^l/^J^^ 

ANALYST ' 



MOISTURE DATA '* 
%CZJ I O 2 . 



i^ 



IMPINGER # 1 



IMPINGER I 2 



IMPINGER # 3 



IMPINGER # 4 



7-i 



f% 

J 



^ft mS 



WEIGHT 
(gm. ) 



(*>**> v.** 






fe£ /■ 7 ' 



TARE WEIGHT 



xl 



* j^%«teJ| 



est) - 



o . 



M^1 



TOTAL 



MOISTURE VOLUME. 



PARTICULATE DATA "" 



WEIGHT OF 
'MOISTURE 



JL 



L-PO 



') 



ml. 



mi 



I. 



- — y— ■ ■ - - - - , 


FINAL WEIGHT 


TARE WEIGHT 
(om.) 


WEIGHT OF 
PARTICULATF (nm.) 


FILTER "^ 


. A o T^ 


4 | 

. 4€» ' 2 -~ 


■ o 03 


BEAKER WITH (PROBE - 








WASHINGS 


CYCLONE FLASK 


— 


— 


— 


BEAKER WITH (IMPINGER 
FILTER-HOLDER) 

CONTENTS AND WASHINGS 










TOTA»." (n^l 




- 


PARTICULATES IN (rag,) 


5*00 



m, a. 7 



111 iw 



i i.tMl 



M0T0F2 



Ut'i n'l I .11- 
TE31 ...iirTi 



LLF'O «:: fTfiCl 
1 F 3 1 • 1 • NOV . I c . 



NUMBER OF TRflVER&ES 



PI 


IiH 


w 


T£ 


TMl 


TNO 


Tfi' 


'G 


•'11 


■■'M: LEfil -CH. 


IlGMv 


T I ME 




MS® 


H20 


'F 


*P 


i f 


i p 




FT'? 


OF TR.EMI* 


FT 3 


MIN 


1 


1.43 


. 560 


32b. „ 00 


51.0 


52 . 


51 


5 


73.39 


U. 00 


2. 30 


4 .,. 


•;• 


2.00 


0. 540 


332. ©8 


52.6 


52. 


e- •-, 





75.. 59 


0. 60 


3.21 


4 . 


3 


1.40 


o„ 480 


332. Ctd 


54 . 


53,0 


5 3: 


5 


7 S . 7 9 


0. U@ 


2.69 


4 . O 


4 


1 . SO 


0.4 SO 


323. 60 


56.0 


54 , 


■J j 


10 


81. 4-: 


0. OO 


1.77 


4 « 8 


5 


'! , j 5 


0, 46*3 


323. 00 


57. u 


55.0 


5 e'- 





33. '2 5 


0. 00 


3 a 3'** 


4*0 


£ 


i , 4? 


y. 45t» 


32e. oo 


56.0 


58 . G 


er o 





86.24 


O, 06 


2. 28 


4 . 


7 


i . 2fi 


B.44 i 


3 3 1 - 00 


59 . O 


fie.u 


59 


5 




0. O0 


2.24 


4.0 


8 


LIS 


u.44 


3 1 3 . 00 


6 1 . 


68. i 


60 


5 


58.76 


0. 00 


2.41 


4.0 


9 


1 . 2a 1 


U, 460 


317. Ol 


5S. o 


63.0 


60 


5 


93.17 


93. 17 


2.46 


4.0 


16 


1 .20 


0, 460i 


3 1 5 ,. 0u 


58.0 


60 . 


59 





95 . 57 


0. 00 


2,40 


4.0 


11 


1.37 


U. 530 


3 1 5 . 0O 


59. 


66, 


59 


5 


97.97 


0. O0 


3" , 5 3 


4. 6 


12 


1 . 60 


Ci. 540 


318.00 


60.0 


6 1 . a 


60 


m 


1 00 . 50 


O. OO 


2. 66 


4.6 


13 


1 . 5u 


0.490 


3tl . 00 


66,0 


62.0 


61 





103. 16 


, 80 


2,59 


4 , 6 


Id 


1 . 30 


i*4S8 


3 1 1 . 00 


61.0 


63,0 


62 





105.75 


0. 00 


2.42 


4 . 


15 


1.35 


6. 460 


312. OO 


62. O 


64 . 


6 :■'■; 





108. 3 7 


. O 1 


2.44 


4 . 


Ifc 


l . 33 


, 4 6 


3 1 2 . 0O 


61.8 


€5 . 


63 





13 0. 60 
1 13.02 


6 . 


2.42 


4. & 



AVER. 1 



319.63 



2, 4 8 



S-TiflCk GAS PRESSURE 



STACK GAS MOISTURE: 



PBflF= 29.42 IN HG 

IP STAT = O.Ol III HG? 

IP STACK" 29. 43 IN HG 



UN H20 



HATER VOLUTE III I MP I HGERS = .14.70 
WATER VOLUME !H SI LI Cm GEL- 2. SO 



MOISTURE VOLUME ''TRftll 
MOISTURE FRACTION* BWu 



SATURATION ■'"■STUPE: 6.16.90 
R E L fl T I ',' E. H u II i b 1 T V : 8 . 3 3 

SAMPLING TIME: 64.00 
SAMPLE VOLUME : 40.08 



ST ACL GAS COMPOSITION 



;u2 ,= ti.00 
"M2= 79.06 



*iOt* 



8,1. If 

J« 0.60 



STACK GAS MOLECULAR WEIGHT? DRV tlM-MD 28.84 

WET MU-MW= 28.6; 
SfEtfC. A1R=-I45f- 



TRAIN COMPONENTS SPECS: 



P1T0T COEFFICIENT CV= 

NOZZLE DIAMETER 

METER CORP. t yr :fQP 



- O.02 



ri.CU* O.0O 



25O0 INCHES 

1 , 0000 



ML 
ML 
SCF 



STACK DIMENSIONS'' 

RiftODUCTIult RATE 



DIAMETER" 

■ AREA 



Mi. 000 
■ 3 . 14. 



HES 0,600 
SOFT 



INCHES 



4.00 TRUCK BODIES --Ml 

X ISOKINETIC 



POINT 


DH 


DP 


TS 


vi 


IiGHV 


HGMO 


>i 




H2U 


H20 


'IF 


F1 . :ir,; 


FT3 


FT3/MIM 




1 


1.43 


6,56 


3 2 6. 


* 1 . 1 


2, i-# 


. 57 


38.2'- 


2 


"2, 30 


0, 54 


3 3 2 „ ft 


4 ^ « 4 


i , 2 1 


O . SO 


1,25, 3C 


3 


3 .40 


0, 48, 


3 3 2 • 6 


4 6 ., 5 


2,6? 


O. 67 


1 1 1 . ft 


4 


1.30 


0, 48 


323. 


4 6.3 


1,?7 


6. 44 


72 , 64 


5 


1,15 


•J „ 4 i 


3 2 3 , U 


4 5.3 


2 ■ 99 


0. 75 


1 ^5 . 39 


6 


1 . 45 


8.45 


320.0 


44.7 


2. 28 


. 57 


96.18 


7 


1 . 20 


O. 44 
is . 4 4 

©. 4>6 

5 . 4 i 
8, 53 

• 0,54 

6, 49 
... 4 9 
. 4 6 
0,46 


319.0 
3 i i • £ 


4 4.2 


> ., 4 1 


8, 56 
u. £8 


95 . if 
j o J , Sib 


8 
9 

10 
11 

12 
13 
14 
15 
16 


1 '.26 

1.20 

1 . 6u 
1 . 50 
1 . 30 

1 • 35 

1,35 


3 1 7 « 
3 15.8 

3 1 5 . O 

318.0 
32.1.0 

3 .1 6 . 
312.0 
312.0 


45. 1 
45. 1 

43,4 
4 S . 9 

4 .. . fc. 
4 5 . 1 
4 5 . 


£.40 
2 . 40 

2. €•£ 
2. 59 

2,44 
2.42 


, 6 & 
, 6 
O, t-3 
6. 6™ 
0.65 
0. 60 
0,61 
,. 60 


99. 4 5 
ff , 47 
9?.6i 

101.7; 

104.0S 
96.53 

##,; 1 ) 



'■'PROBUCT IOH RATE '• 



4.U0 TRUCK BODIES 'ftl 



POINT 


BH 


DP 


T3 




Vis 


i.i.ir-' 




Li'.lM 


. I 




H20 


H20 


'F 


FT 


SEC 


FT J 


ft: 


run 




I 


1,43 


0.56 


3 2 6 • 




" i . . i 


2. 30 




. 5 7 


3P.29 


> 


2 . 06 


0.54 


332 . 




4 3.4 


3 . 2 1 




■j . 30 


125. 3S 


3 


1,4:3 


, 4 S 


3 53. 8 




46. j 


2. €~? 




•J , € 7 


1 1 1 . 4 1 


4 


1.30 


0.48 


3 23.0 




4o. i 


i . 7 r 




J. 44. 


72.64 


5 


1. 15 


. 4 i 


523.0 




45.3 


2.93 




O 11 . 75' 


125. ?9 


c" 


1.45 


6 , 4 5 


3-20 . 




44.7 


"> <* : r ; 




. j . % 7 


*il. IS 


T» 


1 . 2d 


0. 44 


319. 




44.2 


i*£4 






9"S, u§ 


s 


i . i :■ 


>j . -i 4 


5 i I . v 




4*t , U' 


2.4 i 




■J. t-0 


. -j ; . t>e 


9 


1.20 


. 4 e" 


317.0 




45, I 


2.40 




. t" 


■a -j _ 4 3 


10 


1 .. £6 


. 4 6 


315, 6 




45. 1 


2.40' 




3 . 60' 


99.47 


11 


1.3? 


u.53 


■-. i e <*- 




43. 4 


2 . 5 -': 




•j . '.* 3 


3 7 . 6 3 


12 


K€0 


. 5 4 


-s i ft . o 




43. 9 


2 „ f - 




: 6 '' 


I CU . 75 


13 


i . 5-: 


. 4 ? 


34 I # *. 




- "■ 7 


2. 5'- 




:■ . >," 5 


1 04 . OS 


14 


i , 30 


0. 49 


31©. 




'■ :,6 


2 . 4 .' 




j , € fl 


94. SI 


15 


1.33 


0. 4 <S 


3 1 s . i 




45 , 


2. 44 




..t . 6 1 


TQ, -3-3 


Is 


1 . 35 


. r '." 


:' 1 2 . 




4 5 . 


L » 4 ._ 




O . 60 


99. 17 






sumuhkV 


OF E'Ul 


•i 6 1 


N TESTS 











COMPANY: GENERAL HOT OF: 3 
LOCATION'S ELPO »3 STACK 
CI FYs OSHhWh 



TEST t: BATE: TEST «1.»N 

TDh REPORT**: 
■DATE REPORT REC'D: 
CONSULTANT REPORT «: 



15 



EM I S3 1 OH COMPONENT : PARTI CULATES 



inPRTliGER excluded: 



GAS GA"3 

VELOCITY TEMP 



HOIS 



GAS EH I 33 1 Otl COHC ENTRfiT 
FLOW RATE 



FPS »F "-. DSCFH LB. 'HP GR -FT 3 
46,3 319,© 2.03 5721.57 9.444E-02 1.926E-03 



MPS »"C 
14.1 159.3 



". BSCMH GH-3EC GM-M3 
2.03 161.98 1.190E-02 4,4061^03 



EMISSION 
FA«" iGR 

LB- TRUCl c-.".D E - 

l-.G 1 --TP'liCj- 6 ■l< : t'r- 
1 .671E-02 



E M I £ 3 1 M C M P M E H T : P ft ft T I C U L ft T E 3 



(INFRINGERS INCLUDED'- 

E i'l 1 £ £ I U 1 1 C 1 i C E H T R A T , E ,M 1 1 '!- 1 1 i 

RATE FRCTOF 



LB- MR GR- FT 3 

9.444E-02 1.926E-03 



LB-'TRijit: BOD IE 
2. 3e lE-62 



GM igC OS M3 rC-'TRUCiC BODIES- 

1 . 1 90E-02 4 . 4Q6E-0 "i 1 . €>7l £-02 



COMPONENT DISTRIBUTION III SAMPLING TRAIN 

PROBE CYCLONE FILTER InPIHGEP-: TOTftL 



PARTICULATES OHG!: 

| OF TOTAL PART 



ij. OOiU-U 
p. 0000 



. 0000 5. 0O0U 

6 . u S 1 y , C 



. 000'-" 1 0'.i . uOi iu 



ISOKINETIC I SAMFu IHG DATA SUMIImiRV 



AVERAGE 

■', ISOKINETICS 

10U.91 



SAMFLING 

MINI. 

C4 . 00 



SAMPLE YGLUilC 
(SCf! ■ 
1. 1 V 



PEAIIHGS SUE. ISO SUPER I SO 
1 - 2 3 

190 
13 



Mil THIN mCCEF 'I.I 1 ',' 

HON. ISO ISO FflCTuP 



NONIi 



95 . l':-U\ I 10 litLL U ■ 'HI 

;■: I .0 1 15 Jil 1 «. i: 



V .:» * * % • 



Ope ru'-or § ^u.t > >•<)»-•> 1*-.*- 

Rvn Hf9f J^jXQJL r 

SLT.pl 2 Box Ko, . ,6/\ c - 

Central Module Koi . „ y 



Metsr (a3<3) __-L^_- 1 

C Fac tor *^ ' 



o 
o 

•P 

e 

•5 



. 



1 1 p V h/^-^^^o 

5 "\-0-oW 



a Heater Box Setting (°?)* 3^^. 
w Probe Length (iru). C , 



Nozzle Oiax\etcr (in*)/ 



w 
¥1 

1 Nozzle Area (Sq. in«)i 

STATIC PRE^^Ui^a — * 



>Z< 









H 



, m 

ft* 



ii-fc.veriie 
Point 
It unt or 



Sampling 

Ti:ne 
. (9) 

Min% 



-UQ- 



Stack 
Temp* 
fi ( fl F) 



Velocity 
* Hea<i , 



D 



__L 



R 



ik 



j£ 



i«, 



_L-ti 



JUL 



V3^ 



"M-t 



: 44 



Velocity . 
(Ft. /sec) 



ce 

Pressure 

Diff; 

(411) 

in, H^O, 



>, ^ 



3z 



Hi:. 



111 



2iL 



^4 



.2^ 



T3 



-3*^ 



_D. 






c^> 



^ 



1, ]Q 



2ii 



3sssi 



.522 



C3> 



iti 






■ 4^ 



•47 



2a 



?>^o 



no 



32D 



•4\ 



it 



2^ 



i 



■"■>/•> 



^ t s 



.->> 



• 5 ? V 



JL±L 



Jfcl — 



fL/.- ,£ f?J) 



l-Oi> 



.MJKh 



2 -5 






/•5A 



>i» 



„13M.* 



l-.-4i> JjjgJtM 



j.y.y. ,. 



i4 



/■ 



iii 



> 



Ala 



/ "7 "7 



_ /-•? I 



fi p V -v ■ » ■*»• II 



Sample 
Yolur.ie 

(Vn) 
Gu, Ft« 



« r 



icjbJM 



12JLM 






ilkJJk 



Gnu TChiporaxure 
At jjry Gun Meter 



J.1L 



in.) 



jLJ. 



& ft . 



2d 



'2i 



uunex 
(Tr,\ out) 



bur. pie 

Temp t . 
oy 



C-& . 



A£L 



L 



hi 



/«-0 7> 



C-C7 



Ife ? -^7 



li* 



46 



g/fj^ 



£lMfe 









.27 J-jL^ I 



£*t 



C 



Lb 






42 



JJa 



7^ 



F " a 

67 



3rvsAo 



^-$d /? #: 



I 



V ^7 



67 



ii 



£2- 



c> c / 



Prcse 
. Tcr.p. 
CFi 



ic^^ 



?*a*/y*~ 



f inir» < ' I M~ I '*'" » n 



Operator 



■^- i — j— 



.KJL. 



1 ^ *% T 



Run lioi _l 

Sar.pl: Box Ko# 

Control Modulo Ko# -jl 

Met3r (ftKtf) _ — ,J 

C Fac tor . " 



V) 

O 

•P 

41 

o 
w 



u Heater Box Setting (°?)* 

cq Probe Length ( in » ) • 

S2 Nozzle Diameter (in#)t* 

S Nozzle Area (Sq» ini)t 

STATIC PRESsa^a 



irs.vsrue 
Point 
it unit 2 r 



Sampling 

Ti:ne 
, (9) 



Stack 
Temp, 



Velocity Y^loe^ty 
' lleac| • (Ft./3ea) 



i — - — ^ — j fe r yrrrg *- 



OrXice" 

Pressure 

Difft 

(AH) 
in, HoO 



uasT 
Sample 
Yoluwe 

(Vn) 

Gu, Ft , 



"Gas Temperature 
At Dr y gttg Meter 
Inlet [ outlet 

(Tm out) 



[Tin ini) 




Sample 

Box 

Temp f 
oy 



Frcbe 
Tcr.p. 



* III « "1 * » 

i" : *. 



- &- 



k/r 



P.LANT_ 

TEST /^ | & 1_ 



/; 



OPERATORS^ 

ANALYST* 



MOISTURE DATA 



IMPINGER # 1 



IMPINGER $ 2 



IMPINGER # 3 



IMPINGER I 4 



/4M? 



/ ^f- 



o 



p- s 



£#?.£ 



FINAL WEIGHT TARE. WEIGHT 

( gm , ) teaJ 



WEIGHT OF 
MOISTURE 



/^ 



.- nJ 



/J"Z> 



C 



O 



£r^f 



TOTAL 



MOISTURE VOLUME 



PARTICULATE DATA 



i<\ 



11 



2*5 



(cH 



4^-^S 



5 1-1 ml. 



7 



FILTER 4 



Z 



BEAKER WITH (PROBE - 
NOZZLE "- CYCLONE) 
WAS! 



CYCLONE FLASK 



FINAL WEIGHT 

j QTO . ) 



q. 4. iv 4^ 



BEAKER WITH (IMPINGER 
FILTER-HOLDER) 

CONTENTS AND WASHINGS , 



TARE WEIGHT ' 

( Offi . ) 



PARTICULATES IN (r.g.) 



WEIGHT OF 
PMynpiiATF fanO 



Q-OOS^ 



• S- 40 



'.'•- etna i,. i,oi i ■( ... 

>.>'.. -A MA 

l.rtlfs ELI y « ;. si ml 

l-hlf ; T£ : 1 w ,.' » MOV . ] .1 ?r> 



MUI'JEEF' OF TRAVERSES* 



F ■ 


m 


DP 


IS 


TH1 


Trio 


Th 


'•'ij 


\'H V 


HSLEAt -CH. 


DGMV 


7 I ME 




rilu 


HiO 


'F 


*F 


'F 


'F 




FT3 D 


IF' TR.EHIi 


FT3 


HIH 


f 


1.4J 


. a 4 


326. 00 


6£ . 


66, 


61 


. 


1 64 , 76 


. 00 


2.16 


3. 6 


2 


] . £9 


. 5 & u 


326. 00 


66, 


60.0 


63 


, 


! 66 , 92 


. OO 


2. 18 


3.0 




2 , »3o 


, 6 1 3 


322. 60 


70.0 


66. 


§5 


,. 


169. 10 


0, OO 


£.11 


3,0 


- 


2 . 


0.610 


322. 60 


73. O 


61.0 


67 


. 


171.21 


. OO 


2, 12 


3.0 


i 


1 . s :-: 


. 60 


322, SO 


76. 


63. 


69 


w 


1 73, 3:- 


O , O 


2 . 66 


3. O 


■" 


1.86 


, 57 i 


322.00 


77.6 


6 3 . 


70 


, 


175.39 


O. 00 


2.61 


3.0 




1 . -50 


ft, 4 SO 


321 .00 


80,0 


64,0 


72 . 


, 


177. 40 


. 0' 


1,94 


3 , 6 


$ 


1.5 3 


0. 466 


320. 00 


It, O 


65.0 


72, 


, 5 


179, 34 


. o 


1 . 89 


3. 6 


s 


1.56 


0. 4 70 


313, 00 


80.0 


6 6 . 


73, 


1 


181,3:-: 


0, nO 


1.85 


3 . 6 


1 


1. 50 


0. 4 50 


305. 00 


SO, 


66 . 


7 3 , 


, 


183. OS 


. £30 


3 ,83 


3,0 


1 1 


1 ,40 


6.41 B 


£98. OO 


SO . 


68 , 


74, 


, 


184.90 


. OO 


1.77 


3. 


12 


. 8 5 


. 250 


296. 00 


82,0 


67.0 


74. 


, 5 


166. 67 


0. OO 


1 . 56 


3 . 


13 


1.25 


. 386 


320, 00 


67.0 


66 . 


66, 


, s 


188.23 


168, 23 


1.77 


3.6 


14 


1.65 


y ■ 5 


320. 90 


76. 6 


67,6 


68, 


5 


190. OO 


O , OO 


1 . 96 


3 , 


15 


1 . 8 


0. 515 


320, 00 


68. 


76. 


72 1 


O 


1 9 1 , 9u 


. 60 


1 . 95 


3 . 


io 


1.75 


, 5 30 


320. 00 


78 . 


69 . 


73 


5 


1 93. §5 


. 00 


2 . 03 


3, 6 


17 


1.93 


0. 575 


320. 06 


78,0 


69, 


73 


r 


3 95. S8 


. 


2 , 69 


3.0 


IS 


1 . SO 


H '- v/ : l 


322, OO 


78. 


68. 


7 3 . 





19?. 96 


O, OO 1 


£.10 


3. 6 




1 . 85 


. 560 


320. OO 


76.0 


67. 


?] . 


5 


200. Oc 


O. OO 


2.01 


3. O 


2 ',' 


1.75 


. 530 


31:3.00 


74,0 


66, 


70. 





202.07 


, O 


1.95 


3. 6 




1 . 65 


. 5 


314. 00 


74.0 


64.0 


69 . 





204. 6£ 


0. 00 


1,91 


3. 6 


i J 


1.40 


, 4 1 


305. 60 


74. 


64 . 


69, 


01 


205 . 9 ;: 


. OO 


1 . 86 


3.6 


2 * 


0.75 


0. 250 


298. OO 


74.0 


65, 6 


6 9 , 


5 


£67, 72 


, 00 


1.47 


3 . & 


2-4 


0.24 


. 1 OO 


296,00 


7 1 . O 


64 . 


67 . 


cr 


269. 20 


. OO 


1 , OO 


3.0 



' 1 0. JiP 



nVEF . 1 



0,4; 



315,25 74. 



1 . 89 



STACK CAS PRESSURE 



STAC I, GAS HOI SHIRE: 5,20 



SATURATION HO 1ST URE! 5S 
RELATIVE HUtlirinv: 0, 
S A M PL 1 MG TIME: 72. 6 O 
SAMPLE VOLUME : 44,40 



P6AR= £9. 12 IN HG 

P S T Fi T = 6.01 IH Hu- M. 14 
P STACK" £9. 13 IN HG 



IN H20 



HATER VOLUME It! IHPINGERS= 40.50 
WATER VOLUME III SILICA GEL= 16. 90 



MOISTURE V0LUI1E CTRA1I 
MOISTURE FRACTION) BHU 



stask gas composition 

st act gas molecular weight 

TRAIN CO HP ONE! ITS SPECS: 



:,C02- 0,00 
>,U2- 79.00 



*i'0£- £1.00 
". Su2 = 0. OO 



s 2. 44 

= O.05 



*.i..0= O. 00 



ML 
ML 

SCF 



DRV MM -Mil 28.84 
NET MH-HUN £8. £8 
SKUi AIR = -14583.33 

P I TOT 'COEFF I C I El JT tV« O . i ) 00 

NOZZLE DIAMETER = 0. 2:500 INCHES 
METER CORR. FACTOR = 1 . 00 OO 



STACk III HENS IONS; 
PRODUCTION RATE ! 



DIAMETER* 24.000 *HCHES O.OOO 
AREA - 3. 142 SOFT 

4,00 TRUCK BODIES -"Til 

'. ISOKINETIC 



INCHES 



.POINT 


DH 


DP 


T$ 


VS 


PGM"-' 


IiGHCl 


";i 




H.2'0 


H20 


>F 


" T SEC 


ft; 


F' 3 HJK 


*. 


1 


1.41 


0.44 


326.0 


44.8 


2. 16 


O. 72 


12 5.5] 


> 


1 ■ 89 


0.58 


326.0 


51.4 


2 . 1 b 


6.73 


JlC«.0 ; 4 


3 


£ . 06 


" 0.63 


322,0 


5 "' c ' 


2. 1 1 


0. "O 


L 0' 1.5? 


4 


2. 0O 


0.61 


322 , 


5 £ . 6 


1. 12 


6. ,1 


1 03 . 3£ 


5 


1.83 


. 69 


322. 


52. 2 


2 • »J 6 


ft* £9 


108. 71 


6 


I 1 ,*; 


n,',? 


: £ £ . 


r r n •' 


'■ fji 


i .■-■ 


1 -110 , 7 "•! 


7 


1 . oU 


. -4 i 


3ie..l . 


4c . e> 


J . *•*» 


is , <_■ Li 


1 Ji . -, t- 


« 


1 .53 


0.46 


320.© 


4 & ., € 


1 . &9 


0. &3 


104. 7£ 


c, 


1 .56 


0.47 


313.0 


4 5.9 


1 .f'S 


©.62 


100.59 


16 


1 .56 


6.45 


365.0 


44.7 


1.83 


6.61 


101. 14 


1 1 


1 .40 


6.41 


298.0 


42.5 


1.77 


©,59 


102,6$ 


. ~> 


.-. m b 


9^ 


' ?e>£ a 


'■:'< 1 


1 .fig 


ft . S'9 


1 1 4 , 5/ 



is 
u 

12 
13 
14 

IS 
lo 

1? 
IS 
19 
28 
21 
22 
23 
£4 





















1.41 


01.44 


326.0 


44 1 8 


2 


a 


. • S 


, - - . 


3 1 


I , |f 


a.ss 


325.0 


51.4 


<5 


a 


. 73 


i 10 


04 


2: . 06 


0.S3 


322.0 


53.5 


2 


ii 


. 7 8 


i 1 




J , (H » 


rt , tf i 


1 7 2 . 


^»i • t> 


,"; 


1 2 


ft | 


'*" :" 


^*" 


I . t. -: 


til , e. y 


JJj. it 


sli" 1 


•z 


hi 


t 




, 1 


1 . toU 


(j . 4 ii 


'4 £ 1. . 


4i..„ la 


I 


■- 








1 ^ '■! 


0.46 


320,0 


45, e 


1 


39 


u . 6 3 


1 04 


72 


r.K 


6,47 


313,0 


45.9 


1 


3 5 


. 62 


100 


'--, ^ 


1.50 


1, 45 


305, 


44.7 


1 


S3 


£■ . a 1 


1 >j 1 


14 


1.4U 


. 4 1 


298, 8 


42.5 


1 


7 7 


0. 59 




0.8 


0.8% 


0,25 


29e%0 


33, 1 


1 


56* 


U. 52 


1 1 4 


'57 


1 »■ 

1 . .» V 


0. 38 


320, 


41,5 


1 


77 


0'. 59 


1 09 


£3 


1 lire 
1 I 'ft J 


. 50' 


320, 


47.6 


1 


90 


. o 3 


1 1 1 


I 


1 . 80 


, 32 


328-0 


43 . 3 


1 


95 


1' -€5 


1 02 


,27 


1 . 75 


i*t IL % "** 


320 . 


4 S . O 


2 


03 


0. 'S3 


104 


!^^ 


1 , '->'"•• 


■j. -7:; 


320, 


5 1 . 1 


2 


09 


, 70 


1 iji 3 


,■23 


1 . SO 


0,59 


322, t 


51,7 


2 


10 


0. "O 


102 


84 


1 O E" 


0, 56 


320.0 


SO. 3 


2 


01 


y . 6 7 


1 1 


, ; i 


1 ? S 


. 53 


3 1 8 ■ 


48,9 


1 


95 


0.65 


i 'J 1 


i 1 5 


i".ki 


. 50 


314,0 


47.4 


1 


91 


0. 64 


101 


81 


1,40 


0.41 


305. i 


42. 7 


1 


Su 


O. 6-0 


■ .i5 


04 


, 75 


, 25 


298. 


3 3 . 2 


1 


4 7 


0. 4 9 




ii 


6 . 2 -* 


, ! i 


296, O 1 


20 ■ 9 


I 


l.u'i 


0, . 




,24 



5UMMHRV OF EH 12 SI Of t TEST! 



COMPftHY* GENERAL motors 
LOCATION: ELPO ft 3 STACK 

CITY'S OSHAHA 



TEST i. DATS 

TDft REPORT**: 

DATE REPORT RECDs- 

CONSULTANT REPORT » 



TEST *2j1»uV. 10 



Et-11 SS 1 M COMPONENT : PART I CUL ATI$ 



IHPRIHGER EiXLUi'ti 



GAS 
'fLOCITY 


y n ^ 

TEt-IP .. 


GH'- 
MO 1 


FPS 
45.7 


>F 

3 15.3 


5? 


MPS 
13.9 


'' C 
157.4 


g** 



GAS EMISSION CONCENTRAT , 
i. FLOW RATE 

DSCFM LEU-HR GR/FT3 

II 5431.49 8.739E-02 l.S7"E-03 

DSC MM Gl'i- SEC CM 113 

gg IS a. 77 1.10IE-02 4,3 , i'5I"0 3 



EMISSIoH 

FACTOR 

LB- TRUCK b'.'!DI c 3 
2. 135E-02 

»■ G TRUCK BOI'IES 
9. 910E-63 



E M I S S 1 1 J C M P 1 IE HI i P R R T I C U LATE 5 



WRINGERS INCLUDED 



ElllSSIOU CONCENTRAT. 

RATE 

LlB-HR GP/FT3 

8.7 39E-02 1.S77E-03 

G1-11C GH/H3 
1 . If 1E-02 4.295E-03 



till SSI ON 
FACTOR 

Li truck b.- os 

2. 135E-02 

KG- TRUCK fcOBItS 
9, 91SE-03 



COMPONENT DISTRIBUTION IN SAMPLING TRAIN 

PROBE t'T'CLONE FILTER IKr'iNCERS TOTAL 

PAT T .' ULfllTES '"H£> O.OOuO u.otU'O 5,*UUU '-.OOOO t> , •» ' » ■■- " ' 

I. Ur TOTAL PART O.OOUO O.OOuO lOO. W'i" »'.*i«>tJi |.l*f»,,,V -i 4 

I SOI. I MET I C I SAMPLING DATA tN:. '• AR.Y 



AVEP.iAGE 
^ISOKINETIC; 
108,42 



Sfif1 c 'Ll!lG 
WIN, 
72, 00 



AMPLE VOLUME 

SCM ■ 
1 .29 



".WITHIN AClER-L! r; 
READINGS SUE. ISO SUPER I SO HON. ISO ISO FACT' '■ 



iso iiotirsii 



n I.Cli. Wi ■ H ! i: 



I vi C> I- jfc u- |t. 



Do t-j ^ 



. jtoifl^ii 



Run «i Ot 



Sar.plJ Box »#* | fljg 

Control Modulo Noi ..> 

He tar (alftj ..-^^Lr^—-—!- 
C Fac tor . " 



fit 
o 

o 
e 

o 
E/5 



• 




• 


• 


1 

* 


i 

! 


i 


• 



















,h AcA-'med Moi#turo (#)* ^o 



4-* 
O 

CO 



Heater Box Setting (°?)i. .Aj 



Probe Length (in#). 

{J Nozzle Diameter (in«)i 

^ Nozzle Area. (So. in«)» 
u 



— '/ 



|/-^5-S |h. 



re 






I Q 
i 

• * m 

" hi 



• ro 
« .-3 

fa 



Point 
Kurnfcar 



j_^. 



A -ft . 



^ 



c\ 



A ^ 



lii 



2«S 



1-% 



f y-<7 



Sampling 

Ti:oe 
. (9) 

Min» 







a 



JL 



Ai 



iG 



-in 



\A 



ife 



At 



12. 



4- 



4* 



n — 



jk_ 



12. 



M,_ 



Stack 
Temp, 
Ts ( S F) 



34 fc 



3as 



if° 



JS£<> 






Velocity 
" Ilea 4 • 



•5"i 



I^i 



aa 



ijQ 



m \£j(j. 



2*2. 



%JA 



3<y^ 



Mi 



■4-£> 



iSl 



^3 



41* 



ML. 



Vb 



3qi^ 



?qto 



32/ 



2&L 



.46 



A, 



oD 



,Vb 



34 



Velocity. 
(Ft. /sec) 



i .. ._...-.. 



UrTice 

Pressure 

Diff; 

(fill) 

i n. H oO 

— -— — as afe 



y 



1 >D 



LJL 



lA 



I JL, 



X. 



\ \ 



Gas . 
Sample 
YoIumo 

(Vn) 

Cu f Ftt 



Inlet 
[Tin in*) 



2<o-6qcj 



L^z.^bo 



1^5 6}, 



•U>~l-'b*5 



7L. 



2&LJ23LQ. 



D a. a T e m p e r a t u r e 
At Dry Can Meter 



id 



o 



s^- 



^a 



OULiex 
(fa out) 



Op 



v- l 2S£Uh£ 



sa 



c i 



__ LL 



VI 



u 



2b(o- c [Q 



^fciM 



.61, 
(0 2, 

2/ 



Tf 



Vz_ 



^3u 



jfcik^ 



26/1- 1 oU> 



LL 



I h 



14 






2j^M 



mi£l4 



liL 



LB 



«3Q0-T*>fc 



6. 



6 



"-> 



_ZP. 



-^L 



s 



A 



JL2 

Sl 5 



Su jJiuie 

Box 

Teno f 
op 



¥"•- 



/ 



j j^S I 



S^fc 



To 



7y 



g£Mll 



^^^lb5f 



&^QL 



3i 



-J^, 



S"6 



4o 



6 t 



U 



£i_ 



W M T AmP^»Wi>*^h ■ »■ ■ i|^ 



PLANT (r ^lJ C^P O 

LOCATION SfeL #■©* ^r**-*' f ^^. 
TEST ./)-c . Q j 1 

MOISTURE DATA " 



/?// ! r 






OPERATORS, 
ANALYST ' 



\ 


FINAL WEIGHT 


1 TARE WEIGHT 
(qm.) 


WEIGHT OF 
MOISTURE 

font, i 


IMPINGER | 1 


k^> U? 2- - ^ 


£*<*$- ? 


• 126 


IMPINGER # 2 


L93.S 


fiTfttf . / 


3-4 


IMPINGER i 3 


S*fC 1 


5Z3 9.fif 


)• o 


IMPINGER i? 4 


"JXfA ■ 


~7 / 7- ° . 


*• 1 


. 


TOTAL 


3 1- 10 




MOISTURE ' 


VOLUME. 


ml . 



2£0 



PARTICULATE DATA 



/ 



FILTER 



M 



BEAKER WITH (PROBE 
NOZZLE --GY G10H E) 
WASHINGS 



CYCLONE FLASK 



BEAKER WITH (IMPINGER 
FILTER-HOLDER) 

CONTENTS AND WASHINGS 



\ 2. 2-- 



FINAL WEIGHT 

(qm.) 



,40^7 



TARE WEIGHT 
(qm.) 



Jf 7? 



total JmJ 



PARTICULATES IN (mg.) 



«< 



w 



WEIGHT OF 

ICULATF tt** 



-00 5 



5-00 



cr •",« 



y . 6 J 



CuiiR-n.i ceni-ai. nuiuH 

C I T ■' : Ol-HAi-lA 

I. Cii*. h , ,,, t i: (•[ f ,j „_ ■ .n,:i , gp 

Ti if*: IirtlLi liil «_■• ML' 1 .'. 17 ?,' 



NUMBER OF TRAVERSES: 



PT 


HH 


DP 


TS 


TMI 


TWO 


Th 


•'C 


"-.'ri 


VfisLERt -CH. 


DGnv 


T-I HE 




H20 


N20 


'F 


>F 


'F 


'F 




FT3 


Of*' TR. El-lli 


FT 3 


11 1 H 


1 


i , £i 


0. 580 


34 8, OO 


56 . 6 


56 . U 


50 





256, OO 


. 66 


2.50 


4. 6 


2 


1 . £33 


S. 530 


343, OS 


54 . 


56. 6 


E- ~> 


6 


252.56 


, O U 


£ . 52 


4 . 


3 


1 . 2i 


O.490 


350. 80 


59.0 


51.6 


55 





255.62 


. 00 


2 . 33 


4,0 


4 


1 . 36 


6 . 4 9 


350.00' 


6 1 . 


52,6 


56 


5 


257. if 


. 6 O 


2. 39 


4 . 


e 


i . 20 


0.450 


34 3.00 


62. 6 


52.6 


57 





259.74 


6 . 00 


2.35 


4. 1 


6 


1 , M 


0.450 


346.66 


6 3 . O 


52. 6 


57 


5 


m^ . 09 


. 00 


2.43 


4 , 


7 


1 . 20 


0. 400 


34 0. U0 


6 3 . 


53, 6 


5'ii 


6 


264.52 


6 . 60 


2 , 39 


4 , & 


8 


l . 1 6 


U.370 


346. 100 


€ 6. 6 


54.0 


66 





266.96 


0. 60 


2.21 


4,0 


9 


1 .20 


, 4 20 


* 338,00 


60, U 


55,U 


~ " 


5 


269, 1 1 


II 9. 3 1 


2 . 4 3 


4 . 


ii 


1. 16 


0. 430 


34 3. Sfl 


63. 6 


56.0 


gjq 


ST 


271.59 


0. 60 


2.15 


4,0 


ii 


1.20 


0. 4t"0 


34 3 . 60 


65. 6 


56 . 6 


66 


fl 


27 3, 73 


0. 06 


2. 36 


4. O 


12 


1 . 25 


0. 460 


341 . 00 


70.0 


58 . 6 


64 





275. IS 


6. 66 


2.38 


4. A 


13 


1 , 39 


U a SlSfi 


342. 60 


76. 6 


fc-O,. 6 


65 





278. 48 


0.06 


2,46 


4.6 


14 


1 . 40 


0. 500 


342, i 6 


ft . 6 


62, 6 


67 





280. 94 


0. 06 


2.48 


4.0 


15 


1 . 00 


0. 376 


346.60 


73. 6 


62. 


67 


5 


283, 41 


0. 06 


2.24 


4 ■ 6 


li 


1 ■ U 


u. Mi 


332. 60 


73.0 


6 1 . U 


rj [ 


6 


2 "-"5, 6h< 
287. 96 


y, 0O 


2 . 24 


4.6 



AVER. 1,24 0.4' 



19 64.0 55. 



ST i=l CI GA3 PRESSURE 



PBAP= 29. 12 IH HG 

P STlRT= 6.01 1H HG. 6. 14 

P STflCKs 29. ii: m HG 



1M H20 



STACK GAS MOISTURE: 



SATURATION MOISTURE: 361 . ©: 
RELATIVE HUM I D I TV i 0.44 

SAMPLING TIMEs 64.00 
SAMPLE VOLUME : 37.74 



WATER VOLUME IN I HP 3 1IGER3 = 13, ©i 
WATER VOLUME IN SILICA GEL* 8. 10 



MOISTURE VOLUME 'TRAIN. 
MOISTURE FPACTIOH'BWO 



^hCc 



STACK EM COMPOSITION 



;i:u2= I.MO 
»,N2- 79.06 



.02- 21 . 66 
"iS02» . 60 



= 1.4? 
= 6,04 



,l-u= y. uu 



ML 
ML 
SCF 



STACK CmS MOLECULAR WEIGHT: DRY MW-MlIi 28.84 

1-IET HiW-HW= 23,43 
JJEKC. flIR--.l4583, 33 



TRAIN COMPONENTS SPECS: 



STAC! DIMENSIONS 

PRODUCT ION RATE 



PuliiT 



M 

H20 



PI TOT COEFFICIENT CV= 0. 
NOZZLE DIAMETER = O. 



: .1 Wl 

mm inc he-; 



METER CORP. FACTOR = 1,0006 



DIAMETER* 

AREA 



2 4 . O 6 i 11C HE S 0.0 

a 3. 142 SOFT 



INCHES 



4.06 TRUCK BODIES '"HI 

'. ISOi II It TIC 



DP 

H2 j " 



TS 
>F 



DC no 

J.-'HI1! 



10 
U 
12 
13 

14 
15 

16 



1 , 60 
! .60 
1 .20 
1 . 30 
1.20 
1 . 30 
1 . 20 



1,18 

1 .26 
1 . 20 
1.30 
1.40 
1 , 00 

1 . 00 



6 . 4 9 
. 4 5 
0.45 
. 40 
■J . '3 7 

O. 4 J 

a. 43 

£>. 46 
, 4 £■ 
O. 50 
0,50 
0.37 
0.34 



;-4S.O 

346.0 
34 . 
'- 1 , ■"< 

i'.-O, O 
3 4-3.0 
34 3. 

341.W 
342. 
242- 



i\). 



2.43 



2,46 



ti 



6. 63 
. e" » : i 

6.58 
0.60 
6.59 
. 6 1 

0. 60 
fl. r .s 

e. b-4 

O. 59 
0, 6© 
0. 62 
0. 62 
6 . 56 
0.56 



1 1 


6 


2 02 


62 


3? 


62' 


99' 


63 


1 0-2 


3 3 


105 


20 


1 09 


?:£t 


*■* 

.1 00 
10C-I. 


4 m 

5<? 


99. 


63 


1 00 . 


60 


1 04 . 


57 


103. 


M T- 



-PRODUCT I OIJ RATE : 4.00' TRUCK BODIES 'MI 

\ i-m IrlETJC 



POINT 



16 
11 
12 



tr- 



im 

H20 

i , i$ 
i .08 

i . m 

l . 30 
i .20 
i . 3« 
1 .20 

1,16 
i . 2ffl 
I ..I I 
1 . 28 
1 . 20 
I . J*.' 
I . 40 
1 , 00 
1 . 00 



DP 


ML 


w 


•3) 


52 





5 3 


a 


4? 


u 


49 


fcl 


45 


u 


4 5 





4 6 


,1 


j, 7 


y 


4 'j 





43 


© 


46 



TS 

*P 

■343.0 
*■?£», 9 1 

:56.U 
0-1 8. O 

M:''&> 
3 4 . 

; I <;i , 
J .• '-.- . u 
343.0 

341. a 

'.AM* I 

:- 40.. 



FT /SEC 

49. 7 
4''?. 7 
47. S 
4 1 . : : : 
45. '3 
45. 7 

4 ' ji . 

'1 1 . -' 

4 4 . l j 
44. i 



43. ! 



Ml' 
T3 



2. I; 



DGMf 
FT3- Hill 



0. 34 



6 


.-u 





fel 


, 1 


r_,0 


1 


c c 


»j 


■32 





54 





59 




■38 


M 


oil 


(3 


o2 





5e. 





56 



ids .'&0 

'M2 



i *j ' . 4 U 

•34 . 64 
i >M. 59 

. co. 5s 

'3'.+ . 6 3 
4 C"'J, HO 
.04,5? 
■33. 92 



SUMMARY OF Eh 1:3 5 ION TEST 






COMPANY: GENERAL MOTORS 
LOCATION: ELPO #2 STACK 
CITY'S OSHftWA 



. GiF;> 



TEST is .IiihTE: TF.3T US, I J' 
TDfli REPORT* l 
DATE REPORT PEC'Ds 
CONSULTANT REPORT »"5 ' 



EMISSION COMPONENT! PARTICULA PES, 



INFRINGER EIlCLUIEIi'- 



GAS 
VELOCITY 


GAS 
TEMP. 


r P S 

45.6 


'F 
343. 2 


MPS 
13.9 


' C 
172.9 



GifiS CIS EMISSION CONCEHTRAT. 

MO IS., FLOW RfiiTfe 

fc DSC F 14 LB-'HR GR/FT3 

3.76 5311.t"0 9.2101-02 2.045E-03 

'. BSCMn GM--SEC Gil, H3 

3,76 150.3? 1.173E-02 4.679E-03 



EHISSIOM 
FACTOR 

LB-'TRUCK DnDIt', 

2.327E-02 

KG' TRUCK OOBiES 
1.05tE-62 



EMISSION COMPONENT! PARTICULATES, 



IHPRINGERS IMCL.'DED: 



E tl I S S I M C N C E N T R ft T . 

RATE 

LB, HR GF-TT3 

9. 3 luE -62 2.04SE-0 3 

GM- SEC GM-'I'tJ 

1.173E-02 4..ITfi-@i? 



EH I S3 1 Olt 
FACTOR 

LB-'TRUCK i-CINEf 
2.327E-Q2 

KG -'TRUCK POiVtS 

1 .05 ££-02 



COMPONENT DISTRIBUTION IN SAMPLING TRAIN 

PROBE CYCLONE FILTER uiFINGEP: 



TuTht, 



PARTICULATES, ' HC> 

"; OF TOTAL PART 



0|. 00 00 

o. oooe 



y ■ 0066 5. ijuuij 

. 00 00 1 00. 0600 



j. 006*3 5 , ij'.i.uj 
tj . GO mo 16' 1. 1 •U l ,'<j 



ISOKINETIC £, SAMPLING DflTh SUMMARY 



AVERAGE 
•■.ISOKINETICS 
102.53 



SAMPLING 

MIH. 
64 . 00 



sahpi.e volu :£ 

(SCI'K- 
1.07 - 



".WITHIN ACCE"'LITY 

READINGS SUE. ISO SUPER ISO HON. ISO ISO FACTOR 



16 



130 

lo 



:li'. Hi SO 



160 95 tf u- 1 1C WELL ! r H'. I" 

J 91 Sf i: •)'. I 1"- NtLL ] : '. H !-i 



Dot? it 1/ / • 



— H 






Sar.pl 3 Box h f Ot 

Central Modulo No. 

lie tar (aH3) 
^ fsc tor 




o 
o 

fi- 
ll 

o 



.3 1 Accumc# f^oluturf {^) t 



o 
m 

m 

w 
a 

Q 

U 
o 



Heater Box Setting (°?J f 
Probe Length (in.). 
Nozzle Diameter (iru)#* 
Nozzle Area (Sq. in#)t 



«& 


jil.U 1 


i 


3<*>. 


* 


-6 ' 




is' 








*&l'}4 



irc'.vortie 
Point 
j i unto r 



Sampling 

Tiwe 
* (0) 



Stack 
.Temp, 
Ts (*F) 



Velocity 
' Head. • 
(&P S )'" 



i »■ 



Yelocity . 
(Ft, /sec) 



"*7^ 



ur.viee 

Pressure 
Diff. 
(ZiJ[) 



t/c 



6L^4x^>^%^ "2 . *■■* *" /•£< 



Sample 
Volume 
(Vn) 
Cu t Ft. 



TJa 



Temperature 
At J)ry Goc Meter 
ST 



Sainpltf 

Box 
Tenp t 
op 



rrsse 




LOCATION ^ &-2. -*&Aov&*{& 
TEST 




mzi3///K*? 



OPERATORS 
ANALYST * 



■f- 




PARTICULATE DATA " 



^ 



FILTER 



f L 



BEAKER WITH (PROBE - 
NOZZLE - -syrrfl ji^) 

NGS 



CYCLONE FLASK 



BEAKER WITH fIff>JffgEl 
FILTER-HOLDER) 

CONTENTS AND WASHINGS 



FINAL WEIGHT TARE WEIGHT L EIG h T 

trim \ m 



ImA 



0.4104 



( gm , ) 



4af i 




7. 






tota' [raj 



PARTICULATES IN ( mg .) 



^2o 



^ 



-f Co 



30O 



PARTinil^p f n 1 
-0^.53. 





n . 



1 . 1 



. 42:' 



3 4 9 „ r 



2 . ] y 



HI . n n 



I h 
Li ■ 



I ,.!■:'•! 



Mi' '. 



ijf- 



I'iUilEEl- OF TF:HVEPSE" ; 



FT 


I'H 


LiP ' 


IS 


TMI 


TMO 


Tfi 1 ' 


G 


mi '.'ii 


. Lfcrtl -CH. 


ii&MV 


T I HI 




H20 


H20 


'F 


n 


'F 


•F 




FT:. OF 


TF:. EIID 


FT3 


Hit! 


. 


i. 15 


y . 4 Ji 9 


350 . 00 


43.0 


4 3 . 


•13 





50. M 


.. 6 U 


2 . 1 6 


4. e 




I ■ 20 


. 4 50 


350. 00 


4 3 . 


4 3. 


43 


ft 


.53. 30 


0.00 


2.. 31 


4. 


V 


! . 05 


0. 420 


343. 00 


4 9 . 


5 , 


49 


5 


i 5<5 . 30 


6 ..SO 


2. 13 


4. 


■ 


! . ; o 


• 420 


34 9. 00 


5 1 . 


51.0 


51 





157.4-.. 


. 


2. 19 


4.. ® 


c- 


; . 15 


0.41 O 


35 c"-. 00 


55.0 


52. 


5 :• 


£ 


15 3-.6' 


. 00 


2. .24 


4 « 


£ 


* • 20 


0.41 


35c , 00 


5 €.6 


56 . 6 


5 6 





161.3; 


. 


2. 24 


4 , 


•7 


; , i.i n 


. 3-30 


352. 00 


56.0 


S7 n 


56 


5 


; 6^4 . 15 


. 


2. 16 


4.. 


.;. 


! . 1 


. 5fsy 


34'?. 00 


5?. 


53. 


53 


*. 


: 66. i: 


.. 00 


2.21 


4,6 


i 


i ■ 20 


0. 420 


3 4 '?. 00 


53 . 


61.0 


5 '- 


5 


i 6 3.5_ 


1 63.. 52 


£ . 42 


4 , 8 


10 


1.16 


0,42 


3 5 1.00 


59.0 


6 1 . 


60 





1 70. >- 


0, 00 


2 . 31 


4.0 


1 1 


1.45 


. 4 4 6 


3 5 . 


62 . 


59. | 


6 


5. 


I 73. 25 


0. 00 


2.43 


4.8 


12 


1 . 30 


i, 44G' 


351 . 00 


t53. 


59.0 


6l 


c 


175.73 


0. 00 


2. 36 


4. @ 


1 3 


1 . 40 


0. 460 


350. 00 


61.0 


6 3 . 6 


62 


f 


173, 0-'* 


. 00 


2. 40 


4, 6 


!4 


1.40 


0. 4 63 


350. 00 


62.0 


£7.8 


64 


! 


130.43 


, OO 


2.41 


4,,1 


1 5 


i . 1 


0. 4 20 


34 2. 00 


5-9. 


65. 


62 


' . 


132.3? 


o.oo 


2.34 


4 . © 


1« 


1 ,20 


0.44 


34 3. 00 


59. 


66. 6 


6 2 




135. 24 
137.63 


. 


2. 45 


4. 



nV'EP. 1.21 0.4 3 



343i. 



57 1 



STfilM, GH3 PRESSURE 



Pt-flftH £y. 12 1|. HG 

P 3TRI= 6.01 fci HG? 

p STACK = 29. 3 IN HG 



IN H20 



STACK- WH : - MOISTURE: 3.15 



llfiTEF: VOLUME 1H IltPlHGEPS= 18.30 
HhTER VOLUME IN SlLjCfl GEL = 7.00 
MOISTURE VOLUME (TPftlH 
MOISTURE FRACTION-. BNO 



= 1 . £m 

m ij , 0'3 



ML 
ML 
SCF 



'-nTUKnFJOh MOISTURE! 
FELfiT: 'E HUMILITY; 
SAMPLING TIME : 64. 
SAMPLING VOLUME : , 



It* Bs MS -•' 
3.15 '. 
if t'llN 
:6.S7 SCF 



i T Ft C (.-. G A 3 C M F" S I T 1 M 

iTfttl GAS MOLECULAR WEIGHT 

TRAIN C'OMF'OHEHTS SPECS 



iC02 s . 00 
/.H2= 7'? .66 



'.02 s 21.06 
'.302= 0. 30 



,0-0 = . 00 



STACK Ii I MENS I OtlS: 
PRODUCT I OH. RATE 



POINT 

1 

> 

3 
. 4 

5 



10 
11 
12 

13 

14 
15 
16 



I'M 
H2C 



1. 15 

1 , 30 



. . i ." 

I . .i>1 

I . 1 

1. 45 

1 . 30 
1.40 
1,46 
1. 16 

1 . 30 



DRV HW-HB 28. 04 

MET MM-HH- 28.50 
^.EXC. Hlft--1458::.33 

PI TOT COEFFICIENT CV = 0.0i20 

NOZZLE DIAMETER = 0.2500 INCHES 
METER COIR.' FACTOF = 1.0000 



IiIHMETEP= 24. 
AREA 



000 INCHES O.wOU 
3.142 SOFT 



4. '60' TF.:UCt iC'I'IES.-'Hl 
', ISOKlHET.li 



:i F 




Hi 





0. 


45 


0. 


45 


Ii 


42 


O, 


4 2 


0i. 


41 


0. 


41 


0. 




o 


43 





42 





44 





44 





4:6 





46 


•3 


.42 





.44 



':■ ~j y . 
2 5 . 



343. 

35 1 . 



34: 
34; 



FT SEC 



45. 


9 


44 


3 


- -i 


3 


44 





44 





t — 


?, 


■i-4 


^ 


4-1 


^ 


-1 


4 


4 5 


4 


-6 


4 


4 6 


4 


44 


1 



INCHES 



I'GMV 


liGMO. 


FT3 


FT3/MIN 


2. 16 


0.54 


2.31 


0.5S 


2. IS 


0.55 


2«. 1$ 


0,55 


2.24 


. ID 


2 . 24 


0, 56 


2. 16 


0.54 


?.. 2! 


6.55 


a, 42 


ii . c- 1 


£.31 


"j . se 


2. 48 


f.fi 


2 . 36 


. 59 


2'.. 4 


O . 60 


2.41 


i . 60 


2.34 


0.59 


2.45 


. 6 1 



ii-ii 

161.34 
98, 7 1 

3 3 . "^ 2' 

102.23 

1C2.06 
101.55 
1 c3 « 57 

102,-. i* 
J 07. J 57 
■102. If 
.101.46 
101.57 
103. 15 
105.. 3,2 









". I 50* 


IMF 


I' 1 c 








FOIHT 


DH 


DP 


TS 




V-. 


r«:ii" 


l.l.r,,. 


'.. 1 




H20 


H20 


'F 


f- 


1 '-D... 


f T:-: |"T 


' H 1 1 ! 




i 


1. 1? 


. 4 5 


350 . o 




!5.9 


2, It 


. ■; 4 


iML§2 


2 


1 . 30 


. 45 


":■ 50. 




45, 9 


2 . 3 1 




101. 34 


3 


1 . 65 


G. 41 


3 4 S . L* 




44.3 


2. i.. 


0.^5 


98. 73 


4 


1 . 10 


0.42 


34'?. B 




4 4.3 


2 . 1 9 


0.55 


?S. 92 


5 


1.15 


0.41 


355 , 




4 4 . ij 


2 . 2 4 


. *£ 


I02.23 


6 


1 .20 


0.41 


3 5 S,0 




44.0 


2 . 2^ 


. 5 6 


1 02. Sfe 


? 


1 . 30 


0. t'i 


352. 




4 2 . 2 


2 . 1 •; 


0.54 


101.55 


*£■ 


1 . 1 "i 


0. 3P- 


J4q.f1 




•*'.": 


" . = " . 


i" c 5 


' 03. "57 


<? 


1.20 


0.42 


349. 




44. 3 


».4. ( 


►J . 4 1 


lyr.64 


10 


1 . 1 


6.42 


35.1,0 




44,4' 


2.31 ' 


, 5 8 


I02.S9 1 


1 1 


1.45 


. 4 4 


35u. 6 




45.4 


2,4,; 


u . 62 


107, 57 


12 


i , ifi 


0.44 


351.0 




4 5.4 


2 . 3c 


0' . 5 3 


102. 1 <£ 


13 


1,40 


0. 46 


350, 




46,4 


2.4b 


O'. 60 


101. 4£ 


14 


1.40 


S*4i 


35S. 1 




46.4 


2.41 


0' . 6 '0 


161.57 


!"■ 


1. 10 


@. 42 


342. 




44. 1 


2. !f«i 


. 5 9 


1 3 . 1 5 


Iti 


i.30 


0.44 


343.0 




45.2 


2.45 


, 6 1 


105.32 






SUMMARY 


OF EMI 


SSI 


DM TESTS 









COMPANY! GENERAL MOTORS 
LCiCftT IONis ELPO ■> ■ TfiCK 
CITY? DSHfliiA 



; GR ,j 



TEST t DATE: i"L ST si ■ l» 
T I'M REPORT*! 

DATE REPORT REC'Ii; 
CONSUL 7 Hit IT REP OFT s: 



EH I SS I ON COMPONENT i PART I "SULFITES 



I HP 1 HGEP E: CLUBEJ 



bite GflS 

VELOCITY TEMP, 



EPS 
44.7 



349.8 



UPS ' C 

13.6 176.5 



GAS 

MO IS 



3. 1! 



G fi S E f'1 1 S S 1 1 1 C OIlCENTRAT. 

IF LOU RATE 

BSCPH LB-'HR GR/FT3 

5195.34 9..€94|-02 2. 177E-03 



1 DSCHll GM/ SEC GH-'MS 

3,15 147,08 1.22 IE -02 4,98tE-uJ 



EMISSION 
FACTOR 

LB' TftUCf BODIES 
2.423E-02 

I G TWkKV. E-OiJ.-i 

1 , 099E-CC" 



E M I S S 1 N C Ml P N IE N T 1 P fi R T I C L A T E S 



IMPINGEFS 1. ill yjfi£&> 



EMISSION COIICENIRAT, 

RHTE 

LB- HR GRAFTS 

9.694E-02 2.177E-03 

G IV SEC GIL M3 

1.221E-S2 4.931E-0S 



Ell liS I OH 
FACTOR 



LB TRUCK BODIES 
2, 423E-02 



MS/ TRUCK ifitii.Hl 
1 . 099E-02 



COMPONENT DISTRIBUTION III SAMPLING TRAIN 



PARTICULATES ■ hG. 

*'. OF' TOTAL FART 



PROBE 


CYCLONE 


FILTER 


lliPlHGEP.i 


TOTAL 


0. 0000 


0. O0O0 


Si 2 000 


. 0000 


5.20 


0. 6060 


i. 0000 


I 06. 00 OO 


I.I , MlJt.iilJ 


1 00 , 00 



ISOKINETIC i: SAIIFLIIIG DATA SlCIitfiP', 



AVERAGE 
".ISOKINETICS 

102. 19 



SAMPLING 

Mill. 

t-4 . Oil 



SAMPLE VOLUME 

•,:.r.H.' 
1 . 04 



M-IITHIK Ai'CEP'UTY 
READINGS SUB, ISO SUPER I SO HON. ISO HO FnCTvP 



lb 



ISO 
16 



HOD'S 
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■1 1 to ii-;ell un hi 

w I I- iH.uL I!! l't 
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H 
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o 
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•loiaturs {#)• 



,h Adyumcd f 

u Heater Box Setting C ?). ^S 

w Probe # Length (in.), G r 

| !?®i||tf" Diameter (in,).* Jj* 

^ Nozzle Area (Sq, in#) t 



*m*wmmm*wmm& 



Point 
I i unbar 



>- fr 



Sampling 

Tirn.e 

. (») 

ii 



Min* 



Stack 
To.-np, 
Is (*F) 



J— 



j^a 



q-ft_ 



^fi 



4- ft- 







4 



I 
11 



Afto 



23s 



^2 



U 



Is 



2*4* 



>& 



2L-6 



•i-fe 



3i~ 



Zhi- 



2-&<& 



.„3,<v-> 



L6g 



Velocity 
' Hear] . 



'1 



h 4*» 



Velocity. 
(Ft, /sec) 



4&- 



CHTce 

Pressure 

Diff • 

(hU) 



f4l< 



Gab . 

Sample 

Yoluiie 

(Vm) 

Cu , Ft t 



, ■ 13 



-ij. 



J 1* ■ 



1 7<* 




JL 



ex 



IZ 



3ot> 



J DO 



^65 



3>° 



M£ 



f 40 



I 4-1 



2'//./4> 



Ga.a 'i'emperature 
At Dry Gau Meter 

""TnTiTt 



Tin in,) 

0£ * 



Z./3„l£?os 



-2/C-Q4& 



.Lft£. 



|. 



3o 



A/g.^sy 



2 213-^2/ 



.dk 



3 00 



^fk 



3^>o 



M?> _ 



4s 



4- 



l -Lfr 

L45 



2 5o 4Y,3 



2gc)'4&i 



50 



Iffc 






uunex 
(Tr.t out) 



op 



s~a 



SO 



S"& 



■6^> 






•^z. 



7. 



jT# 



Sa.:r.pie 

Hox 

Tepp t 
op 



2*to 



M 



-» S? T* 



J>oo 



!>^ 



*5 fc 



1 gg 



? V37 S 



'..4±ZT 



n> 






va 



va 



g %/_ fb 



2^0-0 



(q 6 




PLANT 



67 V 



TEST M.th ±X 



foc^ A 01 



DATEV f// 1 /7 7 

OPERATORS 

ANALYST * 



MOISTURE DATA * 



,f. 



IKPINGER i 



IMPINGER # 2 



IMPINGER # 3 



IMPINGER # 4 ^ 



FINAL WEIGHT 

(gw. ) 



-^7 </< /, 



JeJL&tJfL 



£L±JL 



ill./) 



TARE WEIGHT 
(qm.) 



C*^?.? 



Cd r ^v . ^> 



so? * 7 

1 o 7 , 4 



TOTAL 



MOISTURE VOLUME. 



WEIGHT OF 
'MOISTURE 
torn.) 



3 1-2 



~76-0 



2-0 



■M 



*<V6 



io- i 



25LJ 



PARTICULATE DATA" " 



~7 



FILTER 



nn 



BEAKER WITH (PROBE - 
NOZZLE - ■ 0¥CfcOK &) 
WASHINGS 



CYCLONE FLASK 



BEAKER WITH (IMPINGER 
FILTER-HOLDER) 

CONTENTS AND WASHINGS 



C^Jtn^^ 






FINAL WEIGHT 
(qm. ) 



0.4014- 



TARE WEIGHT WEIGHT OF 

MJ .PARTirUIATF (n n j 



tf . 5 ^f$ 



TOTAL frm.) 



PARTICULATES -IN (mg.) 



y 



t - 



o-oo^ 



V 60 



'. IJ'-'-f : 


' LtflLi 1 


» till j U i F _ 


i. »r*> ■ * 


l nt. .Jii 




It ■ 1 " 




i .' Tin" I. 

i I' I MM . . j 



H.I 



lUHL'.Li 


: M IS- 


: ;riVER3£. 


;.; 


s 


. 00 






FT 


IiH 


LP 


is 


T n j 


TI10 


Tfr 


""•"> 




H20 


H20 


»F 


•# 


>F 


i F 




i 


i . t-o 


0. 5t»0 


290 . 00 


50. 


50. 


50 


. 1' 


2 


t.4t 


o . 4 1 - ' o 


295. 00 


53 . 


50. 


54 


. 11 




1 .40 


y . 4 «£. 


29b. 00 


58. 


5 . 


54 , 


. 1.1 


4 


1.4> 


0. 4 70 


292,00 


to,© 


52. 


5T 


. 5 


5 


1 .40 


0.47 


288, 00 


£5.0 


54 . 


59 


, 5 


t 


1 .-£-0 


0.4 SO 


305. 00 


88. 


54 . 


G 1 . . 





7" 


1.3J 


0. 400 


280. 00 


70.0 


55. 


6 2, 


. * 


8 


1 . iu 


. -.'-.0 


27t. 00 


72 . 


58. 


t4 i 


, 


1 


l.tO 


0, 480 


300.60 


58. 


55.0 


St i 


, s 


It- 


1 *T c 


0. 490 


300.00 


84.0 


58 . 


1 1 , 


, 


11 


1 . 50 


0. 4 50 


300. GO 


68. 


58.0 


S3. 





12 


1 . 58 


0.44 


300.00 


7c". 


to. 


1 8 . 


, 6 


13 


1 . 50 


0.4 50 


298. 00 


72. 


60.0 


tt , 





14 


! . " i j 


0. 4 50 


300.00 


74. 


c"0. 


6 7 . 


, 


15 


] . 30 


. ; 7 


288 . 60 


74.0 


fc" 1 . 


67 , 


, 5 


It" 


1 . 20 


0. 380 


2*5.0!' 


74. 


82.0 


b&. 






VII 


■■•Ti: LEhI -ch. 


IiGMV 


FT! 


OF-.' Tk.EiNIi 


FT 3 


:; l. i: 


. 


2.50 


'* 1 ""! 8 T 


. 00 


2.44 


2 J 6. 05 


0. 00 


2.41 


2:8.46 


0. 00 


2.41 


220.37 


. ij 


2.34 


2 2 3 . 2 ! 


0. 00 


2 . 5 3 


225. 73 


. 


2. 4Li 


2 38. 3 j 


0. 00 


2.34 


22®. 46 


230 . 4t 


2.45 


232. 91 


0. 08 


2.47 


2 35. 88 


. 


2.45 


237 . 83 


0. 00 


9 J r 


240.28 


0. 00 


2.43 


24 2.71 


. 


£.44 


245. U 


. 


2. J'i 



AVER. 1.46 6.45 253.21 68,3 55.9 61.2 2,4- 

STACK Cfi; PRESSURE 1 PfPfN 29.42 IN HG 

P STAT* 6. Ml IN HG' 1. 1-4 3H H20 
P STSCI.* 29. 4 3 It) HG 

STACik GAS MOISTURE: 3.50 WATER VOLUME In 1HF'IMGERS= 20. Zm ML 

WATER VOLUME III SILICA GEL- 5.40 ML 
MOISTURE VOLUME CTP ifi I M ■ - ) . 40 3CF 
H 1 S T U RE F R A C T 1 H « B !•! = 0.0 3 

SATURATION MOISTURE J 4.S.2t 

RELATIVE HUM I LIT ". 0.84 

SAMPLING TIME; 64 .00 

SAMPLE VOLUME : 38.71 

STACK GfiS COMPOSITION: ?iC02* §,§,0 \02* 21.00 ':C0~ Q.Ou 

*.H2- 79.00 *.802= O.0O 

STACK! GftS MOLECULAR WEIGHT: DRY MH-MH 23. m 

WET HM-HH- 2c. 4C 
SEKC. AIR=-1458:-(.33- 

TRAIN COMPONENTS SPEC'S; PI TOT COEFFICIENT CV = L.SlOO 

IJ02ZLE IilHllETER = r,^500 INCHES 
METER CORP. f ACTON * 1.0000 

STAn iriMEJlSl Oii'ii DIAMETER* 24.000 INCrif. : - 0.006 INCHES 

AREA - 3.142 S8FT 

PROliiJCT I'ftH Pm';E : 4*00 TRUCK BOL! ['."•■ HI 
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295. 
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0.47 


292. 6 
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0. t.0 
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0.47 
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2.24 


0.5 c- 
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44.5 
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2.41 
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SUMMARY OF EH I SSI OH TESTS 



COMPANY: GENERAL MOTORS TEST fe DATE: TEST «1»N0V.15- 

LOCATION: ELPO #i STACK (.H.lF.) TBA REPORT*: 
CITY: OSHflWifl DATE REPORT REC'fj: 

CONSULTANT REPORT ft 



EMISSION COHiPOl'iENIT:PftRTICULHTES» ( INFRINGER Ei'.CLULEIO 

GftS GAS GfiS MS EHISSIOH CONCENTRAT. EMISSION 

VELOCITY" TEMP. MOIS. FLOW RATE FACTOF 

FPS ' F | DSCFM LS-'HR QRvfTJ L6 1 PUCK BODIES 

4.3,7 293.3 3.50 5507.30 6.777E-02 1.43t"E-03 UtlM£-1&2 

MPS ! 'C '. .B2CMN Gil- SEC CM '113 KG TPUC1 BODIES 

13,3 145,1 3.50 155.91 S.539E-03 3.20SE-&3 7 . *S'5E-0i 



EMISSION COMPONENT : PARTICULATES. CIMPRINGERS INCLU JKi)> 

EHISSIOH CONCENTRAT, EMISSION 

PATE FACTOR 

LB/HR GR/FT3 LP. -TRUCK BOD 133 

3 . 777E-02 1 . 43c"E-03 1 . 394E -02 

&M/SIC GrV!13 KG -TRUCK BODIES 

3.539E-03 3,2S5E-»33 7.385E-03 



COMPONENT DISTRIBUTION IN SAMFLIMG TRAIN 

PROSE CYCLONE F.'LTEP I!t ; i*!GERS TOTfl,- 

PARTICULATES. '.'(1G> 6.0006 O.O'OOO j.s'JuO O.0OO& 3. 30u3 

% of TOTAL PART 0.0000 O.OQ0O idO, Ouu6 M.U006 too,uu,,;j 

ISOKINETIC & SAMPLING DATA S'lJMvlHft'i 



AVERAGE SAMPLING ": AMPLE VOLUME 

>. ISOKINETICS '' Mill. '.SCH 

161.33 id4.Gi"i 1 1 u * 



'..hi nuiii mcCCF" i . ft 
READINGS SOB. ISO SUPERISO iter!*!*' 13'." F'ftCTl* 



Iff 

ISO i4»A*|i .:■" 



;, 10 W-. u l-i:v '.. 



TE--T;. l.f.T-. i IF: 



»U I '.' 



. ■ 1 1 • 1 

I i , MOV 



ii. r. 



NUMBEF OP TRh 'EPEES: 



PT 



8 

16 
1 1 
i .1 
13 
14 
15 
lb 



LH 

Hi 20 



H20 



uy 0. im c 



S* 4<s.y 

e.4?e 

6.41 5 
0.41 5 
0.350 
6. ,:40 



T ; . Till 

>F ! F 

;'.-'&, ©6 53.6 

502 , 60 55 i 6 

>9? 80 57, 6 

|§ f , £i»Z* 59 1 . 

»93 , 06 59. 6 

iS6 .60 62,0 

!f3.tS# 62: -6 

00 62. 



28 9. M 
296. 60 
2%. 06 
287. 66 



. DO 



THO 
»F 



54.0 



t-1 



:4.a 
'1.6 



55.0 
54 ... I 
54.8 

>2.86 52.0 



61.6 
62.0 



61.0 



T ft ' G 

? F 



6 i 



e U , ;< 

5 9 . 



Vil 
FT 3 



117.7' 

i2i, r 

124. 9 
.129,64 

] J T< j : Q-"; 

] 24.46 



46 



141, ?•: 
1.44.6; 
146.3? 
14S.5* 



H-LEAI.-CH. 

. 6 6 
, 00 

Ci . 00 
. O 

0. 06 
0. 00 



6. UO 

0. 66 
6. OO 

. O 

0. 60 

U . O 

M . fl 



UGH'.' 

FT 3 

2. 16 
2.44 
2.45 
2.42 
2.43 
£.,47 
2.18 
2. ES 
2.4? 
2 . 46 
2.42 
2.44 
2.31 
2.34 
2.19 
2,. 16 



T I HE 

run 



4 . 
4.0 
4.0 
4.6 
4 .,< O 
4' . 
4 ., 9 
41,6 
4,0 
4,6 
4.0 
4.6 
4,0 
4.0 
4.6 
4, 



H'-'ER. 
STfiCi- 



PPESi-UPE 



PEAR- 29,25 

P STit* O.Dl 
P STACK* 29, 



IN m 



IN HGt 6. 14 

111 HG 



IN Wfl 



STflC* GAS MOISTURE: 2. 



HATER VOLUME IH 1MR1MGER5- IS. 98 
HATER VOLUME IH SILICA GEL* 8.10 
MOISTURE VOLUME <TfM»fl - 1.14 
MOISTURE FPftCTICiHiBWO = 6,63 



ML 

ML 
SCF 



■iiifiTUPn I3H MOISTURE! 423.11 
RELATI "E HUM II" I TV : 0.69 
SAMP LI id TIME: 64.60 
SAMpLf VOLUME 5 37.73 

STAC! GP.I COHPGSlTIOHi :<C02* 6,00 

;;H2= 79. 60 



JOE* 21 . 66 

"'.302= 6.00 



.00= 0. 00 



STflCt Ifli MOLECULAR WEIGHTS DRY MH-HIi 28 . 34 

WEI HM-!1M= 28.52 
ZE'AC, filR=-14583. 33 



TRAIN COMPONENTS SPECS: 



ST A CI b I'i'liEMS 10HS- 
PR jIlUCTIO'M PATE 



POINT 



3 
4 
5 
6 
*■ 
£. 
9 

18 
11 

1,2 
13 
14 
15 
16 



I'H 



i , ;■-:. 
,1.46 

i . :-;5 

1 . 35 
1 ,. "5 

1 ., LIU 

1..35 
1 . 40 
1 . 3 Mi 
J. 28 
1. 16 
1,05 
6 . 93 
0.98 



PIT0T COEFFICIENT CV= 0.3126 

M0Z2LF rilAMETER ■ 6.2506 INCHES 

METER .iipR, FACTOR - 1 . OOOO 



DIAMETER* 24.000 INCHES 0.060 
AREA = 3, 142 SOFT 

4.06 TRU'"i EOBIES-'TII 

". ISOH II.;. TIC 



FT 



ll-K-HES 



lip 




h: 


o 


o . 


49 


0. 


4.£, 


0. 


47 


0. 


47 


e. 


46 


6, 


4? 




4. ■ 


u 


a© 





47 


o 


48 





4 6 





4? 


8 


42 


O 


42 


e 


: 


e 


34 



302. 8 
297,0 
299. 
293. 6 



-j' 



£96*0 

293. 8 
237,0 
282,6 
286 . 



45.9 



46. 4 
45. 3 

4 4 ., 5 
45.2 
4 2_ g 4 



38. 



iiGH' 1 


IiGMC" 


FT 3 


FT3/M1H 


2. 1,6 


0.54 


2 , 44 


i , s 1 


2,45 


6 . 6 1 


2, 42 


0.68 


2.43 


0,i£l 


2.4? 


8.62 


I. ii 


0. 5-K 


2 ,. 1 9 


e. E? 


2.47 


6. 62 


2.46 


0. 62 


2.42 


6. 6,1 


2.44 


6 , 6 J 


2,31 


G.53 


2,34 


0.59 


2.19 


. 55 


2. 16 


0,-54 



87,77 

99.4! 
166., 37 

m,T? 

95, ?E 

If. 8,60 

1 kk '. SI 
108.6? 

99. 86 

99,15 

99. 52 

99,?? 

101.04 

1 6,2 . 54 

102.88 



PRODUCT 1 OH RATE 



4.00 TR«. 



80 BIES- ■'HI 



I'i»M-.III£.TI.C 



POINT 

1 

2 

3 



10 
11. 

12 
13 
14 

15 
16 



DM! 
H20 



40 



35 

eo 

35 
40 



10 



1 ,85 
. 58 



Dip 


H 


:o 


6 


4# 





48 





47 





47 





46 





47 





3S 


1 


47 





43 





4 c" 





47 


0. 


42 


y 


42 


0. 


2' c , 


y. 


14 



TS 
'F 

S98. 6 

582.0 
197. O 
!59 . O 
?93.@ 



309.8 
259.0 
23^.0 
296. O 
293,0 



P'TvSEC 

46, 

45.9 
45.2 
45.3 
44.6 
45. ? 
■I.j.tj 
4U.4 
45.3 

45. a 

44.5 

45.2 
42.4 
42,2 
38, 7 
38.2 



i.itJI-1 
FT3 



i-j 

44 
4 5 
4 2 
4 " 
47 
1 . 

47 
4 m 
42 
44 
31 
34 
1 Q 
to 



DGHlU 
■■Hill 

il. 54 

. m \ 
. 6 1 

. £ t 1 
0.61 
ft . 6 .': 

-J. 5/ 
0. t"2 
0. 62 
0.61 
0.61 
. 5 3 
u . 5 9 
0. 55 
0.54 



:-; ' ~*"p 

■>| , 4 1 

100,37 

?9 . 72 

fr.0 . iV. 

100.62 



9ft, 15 
99.52 



1 S 1 . 04 
iS2, 54 
IfV* fcft 



SUMMARY OF El'tlSSlON TESTS 



COMPANY; GENERAL MOTORS 
LOCATION* ELPO *1 STftCK (H.F. 

CITY! OSHAMfi 



TEST a, BATE: 

TDA REFORTI! 

DATE REPORT RE CD: 

CONSULTANT REPORT #: 



TEST ft i IIUV. l£/7", 



EH I SS ION COMPONENT : PART I CULATES 



IMPRINCER EXCLUDED,' 



uHi C fl 3 

VELOCITY TEMP, 



FPS If 

43.4 293.6 



MPS »C 

13.2 145,3 



G ft S C ft S E H I S S I N C H C £ N T R H T . 

MOIS. FLOW RfiTE 

% DSCFfll LC.-'HR . GR. FT3 
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1, SUMMARY 

Sixteen odour samples, eight organic acid samples, and eight 
aldehyde samples were analyzed. Odour threshold values (OTVs) ranged 
from 170 to 4850. Organic acid values ranged from 33 ppm to 90 ppm. 
Aldehyde concentrations were from 2.6 to 13.7 ppm.., Odour.. threshold- values 
-showed some correlation with aldehyde concentrations* for samples from the 
same stacks. 




Michael Rix 
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2, INTRODUCTION 

Sixteen odour samples, eight sodium hydroxide impinger solutions 
and blanks, and eight sodium bisulfite impinger solutions and blanks were 
delivered by the Ministry of the Environment (MOE) to the Ontario Research 
Foundation (ORF) for analysis for odour threshold, total organic acids and 
total aldehydes respectively. Data sheets were included with the samples, 
and are appended to this report. 

■st. The samples were obtained from automotive oven emissions from 
July^, 1979, to July 6, 1979. -^ 

3. METHODOLOGY 

The methodology used for each analysis is outlined below. 

3.1 Odour 

The odour samples were evaluated by a six-member odour panel in 
the odour test facility at ORF, The dynamic flow system shown in Figure 1 
was used to dilute the sample for presentation to the panel members. Each 
sample bag is pressurized in a pressure vessel and sample flow from the 
bag is metered through one of the three rotameters at a p re-determined rate, 
The sample is diluted with odour-free air and passes through a stainless 
steel line to one of two 'sniff-ports' in each cubicle for evaluation. 
Odour evaluations are made for a series of dilutions by each panelist and 
their response is recorded electronically by pushing a button. The odour 
test facility operator records the responses at each dilution given and 
plots the percentage response against dilution number to determine an 
odour threshold value for each sample, A typical plot is shown as Figure 
2. The odour threshold value (OTV) is defined as that dilution of the 
sample which produces a response by 50% of the panel. 

3.2 Organic Acids 

The organic acid analyses were performed according to the Los 
Angeles Air Pollution Control Directorate Source Testing Manual (Appendix 
A) except for the following changes: 
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1. A 25 ml aliquot of each sample was used. 

2. The samples were acidified using a 300 ml flask and 
condenser, with shaking during heating, rather than the 
three-necked flask system, 

3. Samples were extracted twice using 100 ml of ethyl ether 
each time, by shaking with a wrist action mechanical 
shaker for 5 minutes. This extraction is mora complete, 
and much less tedious than the LA-APCD method. 

3.3 Aldehvdes 

The LA-APCD method (Appendix A) was used for the total aldehydes 

analysis. ( Aliquots of -25 mis of sample or blank were used for the analysis. 

■ 

4. RESULTS AND DISCUSSION 

The results of the analyses are given in Tables 1, 2 and 3 for 
organic acid, aldehydes, and odour respectively. Concentrations in ppra 
by volume were calculated using the equations in the LA-APCD Source Testing 
Manual (Appendix A), and the data included with the samples (Appendix B) . 
Tha^noxmaMty^£?^e-NaOH---soluti-on- used-for the organic -acid-analysis- vast: 
•0r091O3NT ^A :t>£00482N--±odine solution was -used for the aldehydes -ana lysis-. 

The differences between the prediluted and non-prediluted odour 
samples indicate an odour condensation effect for the non-prediluted samples. 
Therefore, the QT¥s for the prediluted samples should be considered the more 
reliable. The odour values show some correlation with aldehyde concentrations 

but not with organic acid concentrations. 
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TABLE 1 - Total Organic Acids Analysis 



Sample 


Total 
Sample 
Volume 
(ml) 


Aliquot 

Factor 

I 


Titration volumes (ml) 


V - V, 
s b 

(ml) 


Volume of Concentration 
Stack Gas of O.A. 
V T tigg) (ppm) 


Sample V 


Blank V, 

b ' 


GM- 4-001 


y 

845 


33.80 


1.06 


0.20 


0.86 


30.2 


.-■*•. a3 


73 -^" 


GM-4-003 


663 4 


26,52 


0.68 


0.20 


0.48 


29.02 * **■•! 


33' — 


GM-2-005 
CM-2-008 


678 ' 

no' 


27.12 
28.40 


1.08 
1.32 


0.20 
0.20 


0.88 
1.12 


26.396-- - err? 

26.889 ^ ** 


67 —; 

90 -• 


GM-3-010 


730 

690 J 


29.20 


1.13 


0.20 


0.93 


26.055 % 


r. 30 


79 ! 


GM- 3-012 


27.60 


1 . 10 


0.20 


0.90 


25.89 O 


V. i<"> 


7 3 


GM-1-014 


774 ^ 


30.96 


1.05 


0.16 


0.89 


25.487 '> 


"/. (-.7 


82 - 


GM-1-015 


652 y 


26.08 


1.09 


0.16 


0.93 


24. 447 / ^ 


•*. % "•",' 


75 -— 
























v 



» I ' * 



I 






V 



— *> ' /F.-JS- 



TABLE 2 - Total Aldehydes Analysis 



., a 



o 



d> 



c> 



Sample 



GM-1-002 


703 


GM- 1-004 


700 


GM-3-006 


770 


CM- 3-00 7 


780 


GM-2-009 


750 


CM- 2-0 11 


645 


GM-4-013 


700 


GM-4-016 


646 



Total 
Sample 
Vo lume 
(ml) 



/ 

J 



s/ 



./ 



Aliquot 
Factor 
f 



28,12 
28.00 
30.20 
31.20 
30.00 
25.80 
28.00 
25.84 



Titration volume!" (ml) 



Sample V 



3.87 
2.73 
6.62 
5.57 
10.23 
13.19 
2,46 
2.57 



Blank V, 



0.10 
0.10 
0.10 

0,10 
0.10 
0.10 
0.11 
0.11 



V - V 
s b 



(mi) 



3.77 
2.63 
6.52 
5.47 
10.13 
13.09 
2.35 
2.46 



Volume of 

Stack Gas 



N ^fsorr) 



40.424 
45.702 
44.251 
44.063 * 
46.166 



49.743 - 



47.96 
48.52 



Concentration 
of-O^rA. ()\A 
(ppm) 



^2 



$7. 7P 

: if 



A 



5.3 
3.2 

9.1 
7*7' 
13.2 
13,7" 
2,8 
2,6 



14 



•y 



4 



< 

A \ 

. V' 



I 

i 
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TABLE 3 - Odour Evaluations 



Sample # 


Stack 


Pr ©dilution 


OCT* 


1 


"Gary" 


- 


450 


2 


"Gary" 




650 


3 


2 


5.7X 


3760 


4 

1 


2 

1 

i 
i 


5.7X 
- 

■ 


4850. 
260 
170 


3 




5.7X 


1600 


4- 


1 


5.7X 


485 


i 
2 




~ 


280 
200 


3 


% 


5.7X 


1140 


4 

1 


3 
■ 


5.7X 


2570 
300 


2 : 


i 




320 


3 

** 


A 


4.3X 


770 


4 


1 

■4 


4.3X 


990 i 


r 









* Includes predilution factor 
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APPENDIX A 
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Collection end Analysis of Gaseous Constituents 



n j - exact normality of the 0.1 N sodium 
hydroxide used for the blank titra- 
tion 
f m aliquot factor; the ratio of total 
solution volume to aliquot volume 
In usual cases, v^ B v?, n^ m nj, and 1*2 - n^, 
and Equation 5.1 reduces to 

W Nh - 0.0170fn 2 (v 4 - v 2 ). (5.2) 

The concentration of ammonia in the gas sample 
is given by die two relations; 



15.43 -^ 



*fc 



(5.3) 



c^ « 49/200 -^ 



(5-*) 



where * 

« concentration of ammonia, grains 
per -standard cubic foot 
c NH'l B concentration of ammonia, parts 

per million by volume 
V-r a total sampled volune from Equation 
4.9, standard cubic feet 

5,4.1.6.3 Emission Hate 
The emission rate, or mass flow rate, of 
aitwionia at the sampling station location is 
given by either of the two relations: 



%, ■ °- m * «fji Q 



(5.5) 



or 



^ r « 2.69 x lO" 6 *^ Q , (5.6) 

where , 

Kl«, m emission rate of ammonia, pounds 
per hour 



'.Cji. ■ concentration, from Equation 5,3, 
grains .per .standard cubic foot 
cmj* ■ concentration, from Equation 5.4, 

parts per million by volume 
Q e stack gas flow rate, from Equation 
.3.12, standard cubic feet per minute 

5. 4. i, 6.4 Moisture Content 
The water vapor content of the stack gases 
is calculated by the procedure described in 
Section 4.4.1.8.3. The calculation is made 
only for comparison with the results from the 
particulate train processing. The difference 
is due to possible snail errors in condensate 
volume and water vapor volume calculations, 
caused by chemical reactions during absorption 
and by the lowered vapor pressure (relative to 
pure water) of the absorbent solution. It may 
be noted, however, that the errors in the case 
of anmonia collection are smaller than those 
when using an alkaline absorbent solution for 
collection of acidic constituents. 

5.4.2 ORGANIC ACIDS 

5.4.2,1 Method Summary 

The only collection method used by the 
APCD for organic acids is continuous sampling 
with an impinger absorption train. The proce- 
dure entails the collection of the sample by 
bubbling the gases through dilute caustic fol-" 
lowed by acidification and ether extraction of 
the free organic acids. A liquid-liquid ex- 
tractor is used to provide multiple contact of 
ether and aqueous media. The organic acids in 
ether are subsequently titrated with a standard 
base and reported as acetic acid. The lower 
limit of the method is about 0.2 ppm in a 60 
cubic foot sample. 

Aliquot portions of the impinger solution 
can also be analyzed for total oxides of sul- 
fur (see Sect. 5. 4, 7). 
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4.2.2 P B Er*nATto« r« *»"■*" 

• collation train U assayed as sha*n 

£ 1P collection : -ninifers each 

16 L i „f m sodium hydroxide 

nn exactly ivv , 

Hany carry-over spray «u » £ _ n _ 

|U. An i« bath » »«•'» 

.„ G i ass , quartx-coiBposUion. or s 

! V a ™line probes o£ any convenient 

5 steel saopling pro d {or 

, nay be used. All ecpnp«nt is "S 

^ operation and freedom Iron, lea**. 

5.4.2.3 SxnP"" 

14— rate, not to exceed 
Any convenient sampling rate 
,fm nav be used. Proportional sa^p 6 
efm, may oe necessary 

•t j ;« Action 5. *•■*■• ' 
bribed in secxiu» «- 

• i „. wide fluctuations in both g a 
ien there are *i«w IiUI - 
L« rate and composition. 

T data recorded during sampling 

mlMm L * w k \ bf test and data re- 
f a) Time (clocKJ oi 

i or dings ,„v,ir 4 

, „ ^ - ea ding (initial), cubic 

b) Gas meter reaning 

fCCt * inches of mercury 

C ) Gas meter vacuum, inches o 

• below atmospheric 

►.nwrature, degrees ran 
d) Gas meter temperature, a 

renheit o£ ^.^ 

c) Temperature of gas at ex 

j - -*■ deerees Fahrenheit . 
unpmger, degree tcn . pinu te 

• Headings may be taken at ii/c 

i J.irin- a one-hour test, and the oa 
i„ t als during a on tabular 

. « cor ded as indicated on the upper 
are rccoroeu « particulate 

r Mmm 4 9. Sampling ior panic 
portion of Figur. *.** procedure; if 

,„r w accompanies this pr^ 
•*» B8Ual ;3 " re /ar«nee point velocity 
*, is not the : case re/ ^ ^ ^ 

head and- temperature re & ^ 

as described in Section 3.3.^. 

■ , l-tion of sampling, t*« t * 

A.t the eviction to at . 

# § Kut off and the train allo.ca " 

\*»fnre disconnect*"** 
•k«t-;*- nrrssure beiore **** 
mosphcric pre»» - readinf, is 

.l«i The final gas meter rca 
-vacuum line. *»»« * , . 



- A I *. fingers and associated tubing 

recorded. The imp k« ^ labof . 

,«. suitably sealed for transxc 
are suitau y Condensate, if any, in 

at ory for processing. ^ 

the probe and inlet tubing is 
into the first impinger. 

5 4.2,4 ****« Processing 

\ i — of liquid contained in 
The total volume oi nqu* 

^rs is carefully measured. Ihe dif- 
the impmgers is «M J recorded as 

ference from the initial volume 

the ^ *T*f^^ associated tubing are 

carefully rf^J ^ wasHings being 

tilled water, the Uq ^ ^ 

kept in a *""" ^ conbin «i UqjiU and 

be taken for analysis, tn 

j» mm to ar. exacw »«* 

washings are marie up ^ 

Im taV^n if the organic acios 
quots can.be tat-n 

SO ppmby volume. 



„-t«««*i Procedure 

§ 4 2.S ANALYTICAL WW* g 

j ft «i for the analysis are. 

The reagents needed tor tn- i 

ihe re a g T . Ai rent -grade ethyl 

**>A sulfuric acin» reagcii^ w> 
concentrated suiiur , rrMci J e solution. 

t. *mL fl i H sodium nydroxirte soxu 

ether, and- 1 ^ ifln sho uld be 

fc 0.1 « sodium W"*^ M con . 

prepared and "stored in ^ ^ 

tamlnation by -*-^« ^^ using 
solution is standardi ^ ^ t{ gr ^) 

potassium biphthalate Cprim.ry 

i uul.in indicator, 
and phenolphthalem un 

*ru 1 ;,-uid- liquid extractor V-&- 1 " 

^ rV "orks Cornine. ft* York, or 
Corning Glass Vorks. » ^ ^^ 

i «p1 and water heatin 
ecuwalent) and ^ ^ 

disassembled in Figure 3.3- 

' k .anolc is as follows: 
each sample is solution is 

M 80-100 ml aliquot oi the 
f.rred to a SC0-ml three-neck glass flask 
transferred to a ^^^ SP paratory 

.nuisDcd with a reiiux ^ u*mAA 

equippco Utter should 

r -«1 -»nd eras inlet tuoc. **»* 

funnel, BM fca» ^ y in t he 

proj cct below the W «* ^ ^ ,„ 

Uask. Fonr drops o-thV.^^^.^ 

added and the sample is ac 
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Collection &%d At\aU*i« „/ n 

*>*lysis of Cas eotis Constituent* 



(4) i att .r d.«« lor tub/; U)** nJ eStr " tor > 
4 concentrated sulfuric acid from the sepa- 

i 1 M 7t **"' »" di ««^on, „itro ge „ 

; b "° biej *~* th e sam? i e until su j ur n 

(determmed by holding wet lit nus test 
«r lps at the top of the condenser). The £* U 

1 " 0W ,' d JUSt C ° the boiIi "S PoinTto 
ensure complete removal of SO, -rv. 

•allowed to cool and A. » Ue . saai P le » 

o cool and the condenser is rinsed 

«th water into the flask. The sample is trans- 
ferred to a volumetric flask and diluted to a 

table exact volume. Fiftv ml .is 
► . , , => riil -y ml aliquots are 

transferred to ISO-ml beak*™ , j j- , 
„H •> I u » Beakers and adjusted to 

P" 2 (pH paper) vith 30r . sodilm hydroxi(Je 

k "V bIank Mnt «"i"S the same amount of 

ongmal sodiun hydroxide as the aliquots £s 

justed, to pH 2 with concentrated Sulfuric 

•«d and as analyzed with the aliquot samples. 

Transfer the sanple and blank mixtures to 

separate SOO-ml liquid-liquid extractors. A 

long-stcrrcd f unne j is uscrul for - Mki thc 

transfers. The final aqueous levels should be 

3 or 4 inches below the side arms. Carefully 

insert the inner collector tube., and attach 



the condensers and 500-ml round bottom fl. I 

Slovly add ether threw* the . / *"• 

i . . ° n Ule condensers, alio.. 

>"e it to „se in thc extractors Con t 
adding ether until about 200 „1 , ° 

intothe flasks. „eat the U>sZ ""'^ 
boiling on water baths or with "wcLlT^ 
«g mantles, and alio, *, e * &1 bei,t - 
ceed for 8 hours. '"««>«* to p ro - 

After the flasks have cooled, tilt the « 
tractors to allow as much as pos si b le of £ 

~i " ov " int0 the fl — *«£ 

removxng ,„y . 0U c OUS Mterill> Tran ^ 

etlier extracts to s#na»- a ^« r , 
any trace* f ^^ funnels «J «oove 

"y traces of aqueous material that mav h. 
Present. Add about 40 ml of water "nd 3 7r£ 
of po.nolphth.l.in indicator to „ch ,f the 
ether solutions i„ the separator,, f u ; nnels . 
Titrate the mixtures in che funnels with stand- 
«d 0.1 N sodium hydroxide to the phenolphtha- 
fatt end point. As the end point is approached, 
atopper the separatory funnels and shake with 
each small titration increment until , pink 
color persists, 

5.4.2.6 Calculations 
A. seance of delation., dng the 

i* chined during sampli ^ ^^ ■ J 

analysis, b as foll^. 

a; Volum* of stack gas sampled 

b) Organic acid concentration 

c) Emission rate of organic acids 
«*; Water vapor content of sta ck gas 

Be APCD tmm sho^ i n Figures 4,9 and 4 13 



The volume of start- «.,. 
t i . stacK gas samoUd -J. .. i 

l-M k tl.e s, re ranner 6 U ^Ji," " leU - 

"» (Sect.S.4.1.6 1) It. " oran,rao - 

sliVU ">*"••*/. It may be not d h 

al>ght error occurs in the « m „l , 

elation when stack gases con^-^ Ml - 

. —ts of car bo„ nio ", S TOdCr " e 

"-Ption trains t ■ "" "^ " ith *- 

tra.ns conta, n ,ng sodium hydroxide 



.71 



solution. Hie alkali will react with the car- 
bon dioxide, fftf«l»f winter, sodium carbonate, 
and possibly some bicarbonate. The pH of the 
#bsulting solution is still ilffti enough, bow- 
ever, for efficient absorption of oxides of ■ 
sulfur, organic acids, or fluorides. As a re- 
sult of this reaction, the measured condensate 
volume will be high due to production of water, 
and the metered gas volume will be low due to 
loss of a small volume of carbon dioxide from 
the gas sample. These two small errors will 
tend to cancel each other for calculation of 
xotal sample volume, 

• |*^,i*f*f» Concentration 

The weight of organic acids (expressed as 
acetic acid) collected by the sampling train 

is given by m . \ /c 71 

S . $^m 0.0601fn(v s - v b ) , P.7; 

^here f * 

W 0A m ^i^ 1 °* or S auic acicis ' S rams ' 

§ m aliquot factor: the ratio of total 
solution volur« to aliquot volume 

n * exact normality of 0,1 . N sodium hy- 
droxide 

v s m volume of 0-1 N sodium hydroxide used 
for the sample titration, milliliters 

v, m volume of 0.1 N sodium hydroxide used 

# for the blank titration, milliliters 
Tne concentration of organic acids in the gas 
sample is given by the two. relations, 

■ c& - is.53 ^ . <*■» • 

and Cqx - 13,900 -^ , 



(5.9) 



;e 



<V« . concentration of organic acids (as 
.cctic acid), grains per standard 

foot . , 1 *• 

c O\ * concentration of organic acids, parts 

per million by volume 
Vj .volume of stack gas sampled, from 
Equation 4.9, standard cubic feet 
• Although weight-volume concentrations (Rq. 5.8) 
require that some particular acid sucb as ace- 
tie be used as a basis, volume-volume concen- 



trations (Eq. 5.9) will Lc the same for any 
monoearboxyUc acid, 

|i-#il*I«J Emission Rate 

The emission rate of organic acids at the 
sampling station location is given by cither 
of the two relations, 



or 



K^* 0. 00857 C QV Q , (5.10) 

M m - 9.52 x 10^c QV Q , (5.11) 

where, 

HhdL« emission rate of organic acids, 

pounds per hour 
G34 m concentration, from Equation 5.8, 

grains per standard cubic foot 

Cqj^ m concentration, from Equation 5.9, 
parts per million by volume 

Q w stack gas flew rate, from Equation 
3.12, standard cubic feet per minute 

5.4.2.6.4 JfoisCure Content 
The water Yapor content of the stack gases 
is calculated by the procedure described in 
Section 4.4.1.8.3, The calculation is made only 
for comparison with the results from the par- 
ticulate train processing. The difference is 
due to errors in condensate volume and water 
vapor volume calculations, caused by chemical 
reactions. during absorption and the lowered 
vapor pressure (relative to pure water) of the 
absorbent solution. Both effects mentioned will 
produce small positive errors in calculation 
of water vapor content. 

5.4.3 ALDEHYDES 

5.4. 3.1 Method Summary 

In practically all tests, samples for 
aldehyde analysis are collected in evacuated 
flasks, using grab sampling techniques (Sect. 
5,3.2). In rare instances, impin^er absorption 
trains have been used, but this collection 
method is more applicable to the low aldehyde 
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concentrations experienced in atmospheric 
monitoring* 

In either case, aldehydes in the sample 
react with a solution of sodium bisulfite to 
form addition compounds • Ihe excess bisulfite 
ion is destroyed with iodine solution. By ad- 
justing the pi I of the solution, the addition 
compounds are decomposed, freeing bisulfite 
ion equivalent to the aldehydes present in. the 
sample. The liberated bisulfite ion is then 
titrated with standard iodine , Methyl ketones, 
if present in the sample, will be included in 
the results. "The lower limit of the method, 
'Using 2- liter gas samples, is about 1 ppm. 

Since the collection methods are iden- 
tical," aliquot portions of the solutions can 
be analyzed for formaldehyde alone (Sect, 
5.4.4). 

5.4.3.2 Preparation fob Sampling 
Two-liter round bottom flasks, as* shown in 
Figure 5.2, are used for grab sampling. Ten ml 
of 1% sodium bisulfite solution (lgper ICO ml 

solution) are added to each flask. The flask 
is then evacuated to the vapor pressure of the 
solution, the screw clamp closed, and the solid 
glass plug inserted into the open end of the 
tubing until ready for sampling, 

"For continuous sampling by impingers, the 

collection train is prepared as described for 

•ammonia or organic acids , adding exactly 100 

ml of 1% sodium bisulfite solution to each of 

the first two impingers* 

5.4.3.3 Sampling 
The inlet tube of the 2- liter flask is 
connected to one leg of a glass tee or three- 
way stopcock attached to the sampling line. 
An aspirator bulb, connected to the other leg 
of the tee, is used for flushing the sample 
probe and tubing with stack gas 'just prior-to 
sampling, as illustrated in Figure 5.6. The 



— st* I A : 4 ' i J * 




FIGURE 5,6., Grub sam.pl in g of e ,ge* ft re ok. 

screw clamp is opened to admit gis to the 

evacuated flask, IVKen the flow of gas has 
ceased, the screw' clamp is closed and the 
glass plug reinserted into the short rubber 
tube to the flask. The flow of gas may con- 
tinue for many minutes when the gases are 
almost 100 per cent steam, thus requiring the 
flask to be cooled during this process. Such 
a situation may be encountered, for example, 
when testing rendering cookers; The proced- 
ure in. Section 5.5,3 should then be followed 
for calculations. In order to obtain an av- 
erage value, four grab samples are usually 
taken during an hour test. 

When, absorption impinger trains are used, 
the sampling procedure is 'the sane as described 
for organic acids. The sampling rate should 
not exceed 0.3 cfm. 

5.4.3.4 Sample Processing 
The sealed collection flasks are shaken 
for 15 minutes* on, a mechanical shaker, with 
frequent rotation to provide a thormjgh scrub- 
bing action. The temperature and absolute gas 
pressure in each flask are recorded after the 
gases have reached ambient temperature. The 
contents of each sample flask are then rinsed 
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into conical flasks. A blank is prepared, 
using the snme_ amputi.t-.of ¥i sodium bisulfite 
solution used for each sampling flask. 

The impingcr train collection is processed 
in a manner analogous to that described for 
organic acids in Section S.4.2.4. Unless the 
aldehyde concentration is very low (below 0.1 
pprn), aliquots may be taken for analysis. 

5.4.3.5 Analytical Procedure 

The analytical procedure is identical for 
samples collected either by grab or absorption 
train sampling. 

The reagents needed for the analysis are 
0.05 N sodium thiosulfate solution, 0.00S N 
iodine solution, approximately 0.1 N iodine 
solution (made by disoiving 12.7 g of iodine 
*n a solution of 25 ~ of potassium iodide in 
50 ml of water, ar.C -diluting to one liter 
with water), and a social buffer solution. 
The sodium thiosuifa-t solution is standard- 
ized with potassin.- dichromate (primary 
-standard grade) acccr-ding to standard iodo- 
metric procedure. Tj:-e 0.005 N iodine solu- 
tion, prepared by cll~-ion from the 0.1 N so- 
lution, is* standardised by titration with 
the sodium thiosulfate solu tion u sing 
starch indicator. Trs. buffer solution is pre- 
pared by dissolving t" % of anhydrous sodium 
arbonate in 500 ml cf *-ater, slowly adding 20 
:dl of glacial acetic s-iid, followed by dilution 
to 1 1. The pH of zlft solution is adjusted to 
9.6 ±0.1 with socKur: -szrbonate or acetic acid, 
as required, using a pni reter. 

Two ml of US st^r^n indicator solution are 
added to each sample., «=^ 0.1 U iodine is added 
dropwise until a dar:* - -ue color is produced. 
Care should be taker; z.z ensure that all of the 
sulfur dioxide resul'-^f from the decomposi- 
tion of bisulfite Lz removed since it may 
cause the end point zs. fade. This can be" con- 



veniently accomplished by blowing a small jet 
o"f air into the flask while swirling the con- 
tents vigorously for several minutes. Each 
solution is decolorized by dropwisc addition 
of 0.05 N sodium thiosulfate. The 0.005 N 
iodine solution is added, to a faint blue end 
point. The solutions are cooled thoroughly in 
an ice bath, and 50 ml of cliillcd buffer are 
added to each flask. The flasks are kept in 
the ice bath for 10 to 15 minutes after the 
buffer addition. The liberated bisulfite is 
titrated with 0.005 N iodine solution to the 
same faint blue end point present before addi- 
tion of the buffer. The sample must remain 
chilled in order to avoid a fading end point. 

5.4.3.6 Calculations: Impinger Train 
Samples 

The sequence of calculations for aldehyde 
samples collected by impinger trains is as 
follows: 

a) Volume of stack gas sampled 

b) Aldehyde concentration 

c) Emission rate of aldehydes 

5.4.3.6*. 1 Sample Volurjt 
The calculations for the volume of stack 
gas sampled are made in the same manner as 
described previously, in Section 5.4.1.6, for 
ammonia. 

5. 4. 3.6.2 Concentration 
The weight of aldehydes, expressed as for- 
maldehyde, collected by the impinger train is 
given by the expression 



%D * 0.015fn(v s - v b ) , (5,12) 



where. 



%LD ■ weight ©f aldehydes collected, grams 
f . aliquot factor: ratio of total sol- 
*" * ution volume to aliquot volume 
n m exact normality of the 0.005 N 

• <--*-' " iodine solution 



7k 



m . ■* .. 



r a ,W . / r~**tnis Constituents 



v b 



Y ol«« of 0.005 N iodine solution 

I titration toLiOWJ '* B - 

«*ed for sample titration — ^^ 

;. i f efe buffer solution. 
^addition of th e buiie r 

milliliters - rt i M .ion 

. volume o£ U.JUS " milliliter* 

i* wi^ titration»,«ni* lllli,c 
used for blank titra 

ration of aldehydes in the | 
•TW concentration oa 

. k v tlie two relations, 
sample is given by the w 

and 



C^^ 15.43-^- • 



* 

"here i , * aldehydes (as forr 

CUB - concentration of aldehy 

cubic foot WehvdeSl parts 

I eun • concentration of ml* . 

P " AU3 „illion by volume 

per rallion , Equation 

V- . total sanpW «***• ™ 
^ 4 j; standard cubic f«t 

• kr volume concentration. 

> volune concentrations «U be ^^^ 

• adchyde or m*H -*»* *** 
group per molecule. 

5 4-3.6.3 EnissionHatc 

rate or mass lie rate, of. 
I The emission rate ., o locati cn is 

, il j «t the sampling station 

given by either 

« 0.00857 C^Q • 

.. .^-4.15*10 cmxP . 
*nerc, I aWe Hydcs. pouwfe 

m^id " caasslcn 

^^tration, from Equation 5.13, 

*» " C "Trstlndard cubic foot 
grains v*- 4 



i.;™ from Equation 5.H. 
.. e . concentration, iron i 

««e- Grab Samples 
e a i 7 Calculations: bRA» 
5 ce of calculations for aldehyde 

The sequence ol c ^ 

sa ^ les collected with evacuated 

follows: sam pled, dry 

c) Volume of stac* ga 

k asis * Arv basis 

M Aldehyde concentration, dry basis 

XI2S. concentration, stackcondi- 

Jr 1 ^** rate of aldehydes 
M Emission rate 



5.4.3. 7.1 W« V ' oluKe , , . 
Tfc, dry volume of stack gas sampled 

calculated as folio**"- 



V d; 



iS 




(S.iV 



Where, 
" " V dg 



i «f dry stacU gas sampled, 

« volume ol ary * w— 

liters at standard condition. (60 F. 

14.7 psia) , 

- . volu« of sailing UsU. ta£-l 
V * une of absorbent solution l-«« 

i «,.-«ure in flask, milH 
t absolute pressure 

£ meters of mercury 

. pressure of water at tempera- 

T| . ^ure in I ta*. degrees ft~ 

kine , i.« arc not converted 

*. x e ft f tHc grab samples arc not 
Yolunes ol t.« § aC Lual voiuiwe of 

to the stack basis U- -• _ oisture content 

« am nled) because moisture 
stack gas sampieuj ^ nQt 

k mb sample of stacK b° 
j sla for each grao s* i fact, the 

-i il e Asa matter of U<^» 
usually available. AS 
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APPENDIX B 



Organic Acid and Aldehyde Data 



SOURCE : 


■ ■ I % " *" 1* P :.;, »- w , kkl ' £"* 


r .l rf 




SAMPLE DATE: 


1 * s ! «. ' 1 ( ! 






TIME t START 


'■• -1 ' •* •" f - FINISH 


■ 1 


* -< , „ 


SAMPLE # 


£. i 1- *.1 - £ r.- ( 






SAMPLE VOLUME: 


B<t< 


_ — , — 


ml 


GAS VOLUME: 


' - y r 


SCF 


SAMPLING RATE: 


r j - 1 -" '.-'. 




A CFM 


.ANALYSIS DATE: 








RESULTS : 


was « '" 






jt> 


*..-... 






SOURCE : 








SAMPLE DATE: 


££ V ' \/ -'"^ 






TIME : START . 


/'"•/!• , f- . FINISH 


f 1 ■ /■'■/• 


■ _ ,—*« . 


SAMPLE 1 


a n/ - i - -co a 






SAMPLE VOLUME; :"" ' 


7© 3 




ml 


GAS VOLUME: 


Or * a. ,: - 




SCF 


SAMPLING RATE: 


/-* , n ~''~i 




A CFM 


. ANALYSIS DATE: 








RESULTS: 


S *-% ,-f,3b* , 












..• 



SOURCE : GM El^c 1ta£*t* < '/ ST^CfC T 



SAMPLE DATE: _j_ 

TIME: START FINISH 






SAMPLE VOLUME: 



SAMPLE # - CrM-fr -&3 &M Z *+- 0D ^>- 

L& 3 ^)Q n L ml 

GAS VOLUME: JJ gj ^UL— — SCF " 



SAMPLING RATE: 
ANALYSIS DATE: 
RESULTS : 



SOURCE : QM BlPo STftCK, I 



— * / / 



SAMPLE DATE: 



j jo? juU 



TIME: START 19: IS FINISH 2G'- I £ 

SAMPLE # " G 1*| - I - | Q j 



SAMPLE VOLUME: loo m l 

GAS VOLUME: , MiT- ?0 g ; SCF 

SAMPLING RATE: ' • 11 3- JjEW 

ANALYSIS DATE: 



RESULTS : 



yl #fj 



SOURCE : fi M j l pfi STPic K g | 
SAMPLE DATE: M]m11*!3 — 



TIME: START. 2a.< o 7 FINISH 2/ ■ o 7 

SAMPLE # 
SAMPLE VOLUME:" 
GAS VOLUME: 
SAMPLING RATE: 
ANALYSIS DATE: 



GH« 1 - ooi" 




& Ft 


ml 


•?(# • ^ 7 {» 


rf$CF 


« Wo 


ACFM 



RESULTS : \ " ' r ■#**"*- 



SOURCE : &M gtPQ STAtX 1 



SAMPLE DATE: 6^ !&?/ 7f 



TIME: START fo: 3^ FINISH |t: 2£" 
SAMPLE § (kMjLM -Q°^ 



SAMPLE VOLUME: 22fi ! _— ml 

GAS VOLUME: •!/«/, JS / '. SCF. 

SAMPLING RATE: »73g CFM 



ANALYSIS DATE: 
RESULTS' 



0, 1 



/ 


* 

SOURCE : 

SAMPLE DATE: 
TIME,: START 
SAMPLE 1 
SAMPLE VOLUME: 
GAS VOLUME: 
SAMPLING RATE: 
ANALYSIS DATE: 
RESULTS : 


CrH Fl Pn STfiit K ■ 




ftLt>6HYDE 




os- /o 7/ 79 






i 


1 I 
/^;/o FINISH 


/«/;io 






r. M-3 «flft7 








If© 




ml 


1 


l| if t |^j 




h £CT 




' .7^1 




ft CFM, 










> 


*ff1 








— . - ........ 






> 


SOURCE : 

SAMPLE DATE: 
TIME : START . 
SAMPLE # 
SAMPLE VOLUME': 
GAS VOLUME: 
SAMPLING RATE: 
ANALYSIS DATE: 
RESULTS 8 


-POLLUTE S 0R&^'^ L ^ 




• 








i 


1 ; — I — 

l^.Oi" FINISH 


j 4 . "ST 




i 


& M -3-60! 








"7io 




inl 


> 




^9CF 
& CFM 










l 


ID 















***P>€»tlUTA«T I 

SOURCE 1 GM FL?Q STftU g 



SAMPLE DATE: ' o^/ol/<79 



TIME: START jj .' ZS FINISH 1 g : 3 ^' 

SAMPLE # ' G M • 3 - c o 9 - 



SAMPLING RATE: 
ANALYSIS DATE: 

K__f i> U Li lb • 



SAMPLE VOLUME: H SO »1 

GAS VOLUME,: 



■ f& f hfiwm 



\_3_-L 



SOURCE : CM • g IPC tSTAtK " j 

SAMPLE DATE: jJLJl l£li 



~>6U«*«*T ; ORGANS * c,i 



TIME: START /f:/J FINISH /?. ^ 

sample # ' cm - a - O J Q 



SAMPLE VOLUME: 7 | o , ._ - ml 

GAS VOLUME: '. !% -OSS A^CF 

SAMPLING RATE: '■*/ M - - -- j^CFM 



ANALYSIS DATE 
RESULTS : 



21 



-POLLUTANT ". fUbEHS&c 

SOURCE : GH fcL?Q S'Acfc tf g 

SAMPLE DATE: JliSiHiSl 



TIME: START. <?0 :OC ° FINISH Pi "- j 1 

SAMPLE i . &H- $* L qjj 



RESULTS:; 



>^-7 



OLiuTAwT ; 

SOURCE : fl M El Po % TACK * 3 



SAMPLE DATE: oS/of/l^ 



TIME: START <Po . | 7 FINISH gj ■ p7 

SAMPLE I - Gh - 3-oia- 



SAMPLE VOLUME: t> |® 



GAS VOLUME: 



rd buLl 5 * 



SAMPLE VOLUME i h>i^ F 3 - 

M 

GAS VOLUME: fg 7*/ 3 __ __ $CF 

SAMPLING RATE: ._77 7 _ , f_CFM 

ANALYSIS DATE: ' ^ 



g£ |j ||CF, 



SAMPLING RATE: • */ 3 / ACFM 

ANALYSIS DATE: 



SOURCE : GH £j£g STALK j 

SAMPLE DATE: ffikMlj 13 



j &U*£¥f**M 



TIME: START % 3d FINISH |g : "bo 



SAMPLE # .■ (C/^f- j/-p/3 



ANALYSIS DATE: 
RESULTS : 



M 



SAMPLE VOLUME: 2s_fi m l 

GAS VOLUME: ' tff% ; i^CF 

SAMPLING RATE: ' .799 5.CFM 



—Pollutant: oftGA*.<- Ac»^ 
SOURCE: GM ElPo STftnc 



4x 



SAMPLE DATE: D&/&7/79 



TIME: START, 9. 3 7 FINISH to; 37 



SAMPLE # 6m - / ' - • a * ^ 

SAMPLE VOLUME;": ' 
GAS VOLUME: 
SAMPLING RATE: 
ANALYSIS DATE: 



RESULTS: % *2- 



SOURCE : 6l1 ELPa SUI&J *" J 
SAMPLE DATE: ____ H / 07/ 79 



TIME: START j / 3 ; /S" FINISH //; J p" 

SAMPLE # ' . &!1 - \ - O I tf 



i£ 





lf!H 


ml 




$£ ¥27 


| Wggl 




■ tfw 


KCFM 



SAMPLE VOLUME: LfU ml 

GAS VOLUME: ■ ^-V/7 SHpCf, 

SAMPLING IlJfcffSl - Vo 7 , JjEFH 

ANALYSIS DATE: 
RESULTS : 





SOURCE : 
SAMPLE DATE: 
TIME: START 
SAMPLE § - 
SAMPLE VOLUME : 
GAS VOLUME.: 
SAMPLING RATE: 
ANALYSIS DATE: 
RESULTS : 


Crff BLPO &Ttt£* 








J3.0T FINISH 
& H - 4 ' 1 "fa 






I 


M 2^ 










1, 


U ^(= 


ml 






w? .*"J 


A. 
ffop 






. f§^ 


A CFM 




1 










«..«•.• 






- 


— -■- — -- 






i 


SOURCE : 
SAMPLE DATE: 
TIME: START. 
SAMPLE # 
SAMPLE VO'LUME:"" 
GAS VOLUME: 
SAMPLING RATE: 
ANALYSIS DATE: 
RESULTS:: % 


Bui* 3 *.- 


£ ff^ 




■ 


OG /&7 f?f 




• 


1 


FINISH 








11 








-/DO 


ml ■■ 




! 




SCF 








CFM 












I 


. 1 L **» * 






• 








1 


SOURCE: : 
SAMPLE DATE: 
TIME : START 
SAMPLE | 
SAMPLE VOLUME: 
GAS VOLUME: 
SAMPLING RATE: 
ANALYSIS DATE: 
RESULTS: 




(5 % \ 






• os loll 11 






! 


FINISH 








If 








% IO0 


ml 




1 




SCF. 








CFM 












i 


D*tA r4 







(JJ/ / 



SOURCE : lb yt y k • Dft. u ^o> 5sfi it >' T <c y fj % ^ 
SAMPLE DATE; Or M I 1 jj 



TIME: START • FINISH 



SAMPLE § . Li 

SAMPLE VOLUME: 

GAS VOLUME: 
SAMPLING RATE: 
ANALYSIS DATE: 
RESULTS: y 





s± fOO 


ml 


SCF 




,• 


CFM 




~ /) • 


i i *4, . 





SOURCE : 

SAMPLE DATE: 
TIME : START , 
SAMPLE # 
SAMPLE VOLUME': 
GAS VOLUME: 
SAMPLING RATE: 
ANALYSIS DATE: 
RESULTS: 






/* 



' }' r — - - ■■ - " " ....— . 

FINISH 




* 


Jo 










fc loo 




nil 


SCF 


CFM 




am 


& . la 


PM^-C 







SOURCE : OftOU ScLLuT^o^ CJLJL3 

SAMPLE DATE: <?9/6C> /?9 



TIME': START FINISH 

SAMPLE § 



5/ 




3u /oo 


ml 


'i - 


SCF. 



SAMPLE VOLUME: 
GAS VOLUME: 

SAMPLING RATE: CFM 



ANALYSIS DATE: 



RESULTS: s 'i '-' ; '? ■'" gj 



vt irngsi T-^~I^7T^ . ."»-«™ . ]■«,-),! J^ 4l.UU,-i-^ 
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APPENDIX C 
Odour Sample Data 



ODOUR SAMPLES 



SAMPLE | 
SOURCE 



/ 



SAMPLE DATE 3 ** jg " ^^ 



( 

\ TIME i START t0~ g § 



FINISH /ff : ¥/ 



PRE-DILUTION RATIO ^^ rli £,^.^ 
EVALUATION DATE JL^ ft 



ED 



5 



±52. 



SAMPLE LINE 



DILUTION LINE 



A H 



s 



Flowrate 



AH D 



Flowrate 



DILUTION 
RATIO 



.0? 



*,<? 



c.s?r^ 



/? 



o 



i 



CO 



ODOUR SAMPLES 



SAMPLE # 
SOURCE 
SAMPLE DATE 



.Gk't^E-- 



3zJ2 - *22L 



\ TIME; START (Q ; ^g 



finish 10:? 5 



P RE-DILUTION RATIO /T!jy-y\0^ 

EVALUATION DATE j|^ fr 
ED_ . £jgjg 



50 



SAMPLE LINE 



A B 



05 



Flowrate 



<?. 5? 5* 



DILUTION LINE 



Ai, 



P 



DILUTION 
RATIO 



Flow rate 



/•£ 



ODOUR SAMPLES 



*^ 



SAMPLE # 

SOURCE .^JT^dttL rX- 

5AMPLE DATE "' j ' 1 " J "[ 

TIME: START /■' C j 



FINISH 



.3^ 



PRE-DILUTION RATIO 
EVALUATION DATE 
ED 



v- 



i^X 



u± 



50 



UP k ^.74 ■= ??3^fe ■Z'J&o 



SAMPLE LINE 




DILUTION LINE 


DILUTION 
RATIO 












* H s 


Flowrate 




^ H D 


Flowrate ■ 




$*o > 


•:■ f)3L 


c 


He 


0A\< 
















• . 


■ 




























• 


■ 


































































■ 


















- 


























• 
















































































































. 




















. 


























- 




































. 















































ODOUR SAMPLES 



SAMPLE # 
SOURCE 

SAMPLE DATE 
TIME: START 



PQ- 



T) 



1 ■ i . q 1 



>jOi 



FINISH 



I ■■ 4 c ? 



P RE - D I LUT I ON RAT I O 



EVALUATION DATE 



ED 



5 




<f 



?.7y §"gj g^MSJ! • 



SAMPLE LINE 



Zi-H 



C- C' 4 )" 



Flowrate 



j I --=*— 



DILUTION LINE 
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